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* ADVANTAGES OF STANDARD 5-DAY UNITS 
IN FORECASTING PLANT DISEASES _ 








E. L. \Felix 


The utilization of a standard 5-day weather unit in the correlation and forecasting of 
plant diseases has several advantages, some of which already have been noted (4). A 5-day 
unit, or multiple of it, coincides very closely to the incubation and developmental periods of 
most plant disease organisms. For example, 3 to 10 days are required to produce a genera- 
tion of the potato and tomato late blight fungus (Phytophthora infestans), i.e. for sporangia 
or zoospores to germinate, cause infection, and again sporulate. Forecasts of initial and 
secondary outbreaks during the season are based usually on 15, 10, or 5 days of continuously 
favorable temperature and moisture conditions. The 5-day unit also greatly facilitates calcu- 
lation of the moving mean temperatures, necessitating only the pointing off of the sum of the 
ten figures (maximum and minimum for each day). Recently, Hyre (5) in comparison found 
the 5-day mean as accurate as the widely employed (1-3, 6, 7) 7-day mean and adopted it in 
the correlation and forecasting of downy mildew (Phytophthora phaseoli) in lima bean. 








Table 1. Standard yearly 5-day units: period endings. 
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"For sake of uniformity, the 5-day unit (Feb. 25-29) in leap years may 
be changed to a 6—day unit by adding it to March 1. Leap years from 1900 - 
1976 are as follows: 

1900 1904 1908 1912 1916 1920 192k 1928 1932 1936 

1940 194k 1948 1952 1956 1960 196, 1968 1972 1976 


The 365-day year is evenly divisible by 5 and the 73 standard units with their weather 
data are adaptable to year-round correlation and forecasting of diseases, a number of which 
occur during the fall, winter, and spring months; and for any overlapping periods of develop- 
ment without the necessity of having to re-calculate the same weather data to fit a particular 
period and disease, Comparison of climatic data and disease development in different places 
during the same or different units of time, of course, is possible, also. The natural 5-day 
divisions of the year, therefore, are suggested for weather correlation and plant disease 
forecasting, 

In practice, the 5-day unit best covering the desired starting date for a particular crop 
and disease are chosen, whether or not other correlations during the year are anticipated. 
There may be others at some future time. 
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AN EXPLOSION INOCULATION TECHNIQUE 





James D. Panzer, E, C. 'Tullis?, and R. D. Beier! 


Abstract 


An inoculation technique is described in which inoculum is dispersed by 
means of an explosive charge coupled to an electrical ignition device, A 
clock adapted so that an electrical contact would be made every hour for a 
period of 24 hours enables the investigator to make field and greenhouse 
inoculations during his absence, This method has proven successful for 
greenhouse inoculation and should be adaptable for field inoculations during 
periods of darkness and during adverse weather conditions, 





Unpublished results indicated that certain spores are liberated in the field at definite 
periods during the day or night. In order to ascertain the infection potentials of spores at 
various times of day a device that would allow the field inoculation of various plants during 
periods of darkness or adverse weather conditions such as rain storms was warranted, Such 
an instrument has been developed, using a timing device which initiates an explosive charge 
placed in a sealed container of inoculum, Preliminary field trials indicated that satisfactory 
inoculations could be made by igniting a 2-inch salute-type firecracker sealed inside a water- 
proof bag containing spores of Piricularia oryzae in a perlite or talc diluent. A modification 
of this technique is herein reported which utilizes this explosive type inoculation, 














FIGURE 1. A--Timing device. B--(From right to 
left), 2-inch firecracker salute, M-1-A-1 squib, and modified 
firecracker, C--Container with inoculum and detonating device. 





Biological Laboratories, Fort Detrick, Frederick, Maryland, 


2 Formerly with Biological Laboratories, Fort Detrick; present address: Army Medical Center, 
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A clock was adapted so that an electrical contact would be made every hour for a period 
of 24 hours (Figure 1A), Two-inch salutes were modified by removal of the fuse and the sub- 
stitution of an M-1-A-1 squib (an electrically operated flash ignition device) (Figure 1B), The 
modified firecracker was placed inside a waterproof bag containing dry inoculum. The top of 
the bag was then folded and stapled shut, with the contact wires of the squib protruding from 
the bag (Figure 1C). One contact wire was connected to the desired hourly contact on the 
board of the timing device, and the other to the positive pole of a 6-volt dry-cell battery which 
was in turn connected to the sweep arm mounted on the clock of the timing device, Single or 
multiple inoculations may be made at predetermined intervals by modification in the circuits 
used to attach the wires to the timing device, If successive inoculations are desired, all 
positive contacts may be connected to a common wire from the battery, and the other contacts 
to the respective hourly contacts of the timing device. This device has proved successful in 
greenhouse inoculations and should be adaptable to many types of field experiments, 
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, A PLANTER FOR EXPERIMENTAL FIELD PLOTs! 





N. x Gerhold and R, D. Barmington 


INTRODUCTION 


Accurate planting of field experiments on small plots is difficult. In the field of Plant 
Pathology it is important that seeding rates be adequate and uniform when evaluating seed 
treatment, soil treatments, and variety trials, Since present day commercial planters will 
not do precision work on small experimental plots, it is the purpose of this paper to describe 
a planter that has adequately served the needs for such studies, 


DESCRIPTION OF THE PLANTER 
The 4-row planter, shown in Figure 1, consists of four seeding boxes mounted above 


double disc furrow openers, The aluminum boxes, shown in Figure 2, are 26 inches long, 
3 inches wide, and 4 inches deep, The basic seed box is constructed around a Gates Speed 







FIGURE 1. General view 
shooting belt hoppers with covers 
open, double disc furrow openers, 
and ground drive wheel, 


FIGURE 2, Belt hopper boxes 
with belt and drive sprockets show- 
ing how hoppers are formed from 
sheet aluminum, 





1 published with the approval of the Director, Colorado Agricultural Experiment Station as 
Scientific Series Paper No, 506. 

2 Associate Plant Pathologist, Botany and Plant Pathology Section, and Associate Mechanical 
Engineer and Acting Chief of the Mechanical Engineering Section, respectively, Colorado A& M 
Agricultural Experiment Station, Fort Collins, Colorado, 
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FIGURE 3. Side view showing 
the cross shaft and drive to the 
hoppers as well as the general arrange- 
ment of hoppers and openers. Hoppers 
may be lifted from the frames for 
cleaning or storage. 





FIGURE 4, General 
view from the rear of the 
machine, 


FIGURE 5. Side view show- 
ing the tillers which mix fungicides, 
herbicides, fertilizer, and similar 
materials into the soil in front of 
the furrow opener. 
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Flex belt 2 1/4 inches by 45 inches, The belt is driven by two small rollers at the forward 
end of the box and is carried on an idler at the rear of the box. The belt passes over a con- 
cave piece of aluminum sheet metal in the top of the box which causes the belt to form a 
trough-shaped reservoir that holds the seed on the belt while it is being carried forward to 
the discharge end, The belt is so geared that it travels 18 inches in planting a 50-foot row, 

The belt is driven through a system of chains and sprockets from a ground wheel placed 
in the center of the machine at the rear, as shown in Figure 4, The chain runs upward and 
forward from the ground wheel to a short jack shaft where the first speed reduction is made, 
From this shaft power is transmitted forward to another shaft running the full width of the 
machine as shown in Figure 3, The belt rollers are driven by a 3/8-inch pitch roller chain 
running between the hoppers and forward shaft, The openers with hoppers and drive sprockets 
on the forward shaft may be moved from side to side to accomodate row widths, 

In operation the seed to be planted is either counted, weighed, or measured and placed 
in envelopes, The seed is then evenly distributed along the belt depending upon the length of 
row to be planted, For example, the seeding box in Figure 2 is calibrated to plant 40 feet of 
row. By moving the stationary guide above the belt and placing the seed accordingly it is 
possible to plant any length of row from very short up to 50 feet. By changing the sprocket 
ratios between the ground wheel and the hopper it is possible to plant many other lengths of 
row depending upon the needs, 

A Howry-Berg spray tiller may be attached ahead of the furrow openers for the applica- 
tion of liquid fungicides or herbicides in a band in the area of the row at the time of planting, 
as shown in Figure 5, An adjustable spray boom is attached to the planter of the tiller and 
fungicides or herbicides are applied in the form of a band and then worked into the soil by 
means of the tiller, Seeding is done in the same manner as before with the belt hoppers, 

For the application of powdered materials, two Plant Jr. boxes are mounted above the second 
and third planters, Figure 4, Fungicides are mixed with a suitable carrier, i.,e., sand, 
fertilizer, insecticide, or finish aggregate of vermiculite, and then applied in a band in front 
of the tiller where the material is worked into the soil during the seeding operation, 

The 4-row planter has also been successfully used for artificial infestation of field experi- 
mental plots with a desired soil-inhabiting pathogen, Inoculum is prepared in large flasks of 
sterilized barley. After an incubation period the barley is dried in a drying oven for 24 hours, 
rolled to break up any large clumps, and then evenly distributed on the belt in the seed box 
along with the seed to be planted, 

In certain weed control tests, noxious weeds have also been sown in the field by placing 
the weed seed on the belt with the crop seed to be planted, For compatibility studies, herbi- 
cide, fungicide, weed seed, and inoculum may be applied in one operation, 
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THE SUPPRESSION OF TRISTEZA VIRUS SYMPTOMS IN MEXICAN 
LIME SEEDLINGS BY HEAT TREATMENT 








P. R. Desjardins, J, M. Wallace, C. T. Lange, and R. J, Drake! 
Abstract 


It has been found that heat treatment at 40° C results in the suppression 
of tristeza virus symptoms on the leaves that develop during treatment of in- 
fected Mexican lime seedlings. Results of studies of healthy seedlings in- 
dicate that the increase in growth during treatment of infected plants is due 
to the effect of the treatment on the virus rather than on the host, After 
removal to greenhouse temperatures, symptoms later appeared on some of 
the younger leaves which had been free of symptoms at the time of ter- 
mination of treatment and also on leaves which developed subsequent to 
treatment, 





Following the report by Kunkel (1, 2) of the curing of virus-infected peach trees by heat 
treatment, many workers have attempted to inactivate plant viruses in their hosts by such 
treatment. In some recent experiments by the writers along similar lines it was demonstrated 
that leaf symptoms of tristeza on small Mexican lime seedlings are suppressed when infected 
plants are held for periods of 3 and 4 weeks at a temperature of 40° C, The infected seedlings 
were cut back to a height of 8 inches and placed in a heating chamber equipped with fluorescent 
lights and an automatic time switch to provide light and dark periods approximately day and 
night, To avoid injury, the plants were conditioned over a period of 10 days at temperatures 
ranging from 28° to 36° C, The temperature was then brought to 40° C and held at that point 
throughout the periods of treatment, Control plants which were also infected were held in a 
greenhouse in which the maximum temperature remained below 28° most of the time and never 
exceeded 30° C, 

Conditions in the treatment chamber were favorable for rapid growth of the infected seed- 
lings. After 4 weeks the new growth on the heat-treated plants was approximately twice that 
of the controls, Except for the initial growth that developed during the preconditioning period, 
there were no symptoms (vein-clearing) on the new leaves of the treated seedlings. In a test 
with virus-free seedlings, there was no observable difference between plants grown in the heat 
chamber at 40° C and control plants held in the greenhouse, Therefore, it appears that the 
improved growth of the treated infected seedlings resulted from an effect of treatment on the 
virus rather than on the host plant. 

Upon completion of the treatment of the infected plants, they were returned to the green- 
house and placed with the untreated controls, After 10 days to 2 weeks, virus symptoms 
appeared on some of the younger leaves which had been free of symptoms previously and on 
those developing thereafter, These symptoms were more severe than those exhibited by the 
control plants, This severe reaction suggested that the leaf tissues involved had been com- 
pletely free of virus when the heat treatment was terminated, 

Several investigators have successfully propagated from virus-free tissues of heat-treated 
plants (3, 4,5) and have thus been able to eliminate viruses and establish healthy clones from 
virus-infected plants. Work is now in progress to determine if this can be done in the case 
of citrus infected with tristeza and other viruses, Should this prove possible it may have an 
immediate application, particularly in reference to the extensive program recently inaugurated 
in California, to import citrus varieties from other parts of the world for experimental study, 
It has been determined already that some of the importations are infected with tristeza and 
psorosis viruses, If virus-free clones of these can be obtained, it will be possible to continue 
their study and to release them if they prove to be of commercial value, This technique would 
provide, also, a means of establishing healthy clones of desirable selections of domestic 
citrus varieties which by chance may be infected with viruses, 





lAssistantPlant Pathologist, Plant Pathologist, Senior Laboratory Technician, and Principal 
Laboratory Technician, respectively, Department of Plant Pathology, University of California, 
Citrus Experiment Station, 
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4 EFFECT OF HEAT TREATMENTS ON TRISTEZA 
AND PSOROSIS VIRUSES IN CITRUS ._ 








Theodore J.\ Grant! 
Abstract 


Hot-water treatments of citrus budsticks infected with tristeza and 
psorosis viruses have not proved satisfactory for securing virus-free bud 
sources, Some branches on the new growth of infected plants developed 
during exposure in a high-temperature chamber appeared to be free of 
tristeza and psorosis viruses, even though old leaves and stem tissues 
of the treated plants were not, 


HOT-WATER TREATMENTS 


In 1941 Fawcett and Cochran (1) reported on the resistance of Valencia orange tissue 
and psorosis virus A to heat. A temperature-time curve for resistance of citrus tissue to 
heat while immersed in water was approximated. This curve for psorosis-affected tissue 
passed close to 60° C for 1 minute, 55° for 5 minutes, 50° for 1 hour, and 45° for 10 hours. 
Virus-free budsticks appeared to be more heat resistant than psorosis-affected ones. The 
results from an experiment in 1940 showed that among 130 buds that survived hot water treat- 
ment, only 3 test trees failed to show psorosis leaf symptoms. It was thus indicated that the 
hot water treatment had no direct practical value. 

Attempts to inactivate the tristeza virus in vivo were reported by Costa et al. in Brazil 
in 1950 (2). Virus-infected budsticks were immersed in an agitated, constant-temperature 
water bath, The durations and temperature ranges for the treatments were 30 to 270 minutes 
at 40° and 45° C, 2 to 30 minutes at 50° C, and 2 to 10 minutes at 55° C. The budsticks were 
from a Barao sweet orange tree infected with the severe strain of the virus. Buds from the 
treated sticks were bud-grafted on sour orange seedlings. When these buds survived, the 
sour orange was cut off above the union and the bud developed into a sweet orange top on sour 
orange rootstock, The numbers of buds that survived the longest period at each temperature 
tested were 9 of 15 buds for 270 minutes at 40° C, 10 of 15 for 120 minutes at 45° C, 3 of 5 
for 15 minutes at 50° C, and 3 of 5 for 2 minutes at 55° C, All the buds that survived the 
treatments developed growth with typical symptoms of tristeza, These results suggested that 
the temperature for inactivation of tristeza virus was probably higher than the temperature 
tolerance of the living cells of the budsticks and indicated that inactivation of the virus in the 
living tissues of sweet orange by hot-water treatment was not promising. 

Recently Price and Knorr (8) carried out tests in Florida in which tristezavirus-infected 
Valencia orange budsticks were exposed to hot-water treatments, The treated budsticks were 
tested for presence of the virus by means of side grafts onto Key lime seedlings. Price and 
Knorr's data showed that the tristeza virus survived 3 days at 35° C, 180 minutes at 45° C, 
and 30 minutes at 52° C, Price and Knorr made similar tests with psorosis-virus-infected 
Marsh seedless grapefruit budsticks, testing them for the presence of psorosis by sidegraft- 
ing the budsticks onto Pineapple sweet orange seedlings. In their trials the psorosis virus 
survived exposures of 240 minutes at 45° C and 10 minutes at 52° C, 

In 1954 the writer carried out hot-water treatments of 5, 10, 20, and 30 minute duration 
at 50, 52, and 55° C on budsticks infected with both psorosis and tristeza viruses, The virus- 
infected budsticks were from a Dream navel orange tree and a Winston grapefruit tree, Fol- 
lowing the hot-water treatments, buds from the sticks were budded onto Key lime plants to 
measure survival of tristeza virus. Survival of psorosis virus was determined by symptoms 
occurring on the navel orange or grapefruit top developed from the inserted bud, In navel 
orange budsticks both viruses survived an exposure of 30 minutes at 50° C. Tristeza virus 
survived 30 minutes at 52° C, but there was no test of psorosis virus survival because the 
buds did not sprout, Both viruses in the navel orange budsticks survived a treatment of 20 
minutes at 55° C, Both viruses in grapefruit budsticks survived exposures of 30 minutes at 
50° C and 10 minutes at 55° C, 





1 Plant Pathologist, Horticultural Crops Research Branch, Agricultural Research Service, 
United States Department of Agriculture. 
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In 1936 Kunkel (4) found that peach yellows virus was inactivated by immersing peach 
budsticks in hot water for the following times and temperatures: 4 to 5 days at 34, 35° C, 11 
hours at 38° C, 40 minutes at 42° C, 15 minutes at 46° C, 14 minutes at 48° C, 3 to 4 minutes 
at 50° C, and about 1 minute 30 seconds at 54° C, and 15 seconds at 56° C, By hot-water 
treatment of peach budwood sticks Kunkel also successfully inactivated the viruses causing 
little peach, red suture, and rosette, The rosette virus was most resistant but was inactiva- 
ted by 8- to 10-minute treatments in hot water at 50° C, The buds were able to endure much 
longer treatments than were necessary to destroy the viruses, 

The aforementioned results indicate that in comparison with the peach viruses the tristeza 
and psorosis viruses of citrus are relatively heat-stable and that hot-water treatments of 
citrus budsticks infected with tristeza and psorosis viruses have not proved satisfactory for 
securing virus-free bud sources, 


HEAT-CHAMBER TREATMENTS 


Hot-room treatments of trees infected with viruses such as peach yellows by Kunkel (4) 
resulted in the cure of 5 peach trees that had been held at 34, 4° to 36. 3° C for periods of 19, 24, 
25, 26, and 27 days, respectively. Kunkel noted that the period of treatment necessary to 
effect a cure was longer for large than for small trees and that yellows virus was destroyed 
more quickly in small stems than in large ones, and more quickly in tops than in roots em- 
bedded in moist soil. He found that periwinkle plants infected with aster yellows (5) were 
cured by treatment in a hot room at 38° to 42°C for 2 weeks, In further work Kunkel (6) 
showed that periwinkle and cranberry infected with false-blossom virus were cured by heat 
treatments, These results, together with the reduction in leaf and stem-pitting symptoms on 
tristeza-virus-infected Key lime plants under summer conditions in the greenhouse (2, 6), 
suggested the desirability of exposing infected citrus plants to high temperatures, 

A double-glass-walled chamber approximately 6 x 3 x 5 feet was constructed and placed 
on a greenhouse bench, A thermostatically controlled, lead-sheathed heating cable was em- 
bedded in vermiculite in the galvanized metal base of the chamber and the 1-quart or 5-quart 
tins containing the plants to be tested were placed directly on the moist vermiculite, 

The first trials were begun in May 1956, when there was relatively little shade on the 
greenhouse, While the minimum night temperature of 95° F could be maintained, the daytime 
temperatures in the chamber varied from 95° to 120° F (35° to50° C), Relatively constant 
temperatures were possible by heavy shading of the greenhouse, but it was thought that long 
exposure to minimum light might reduce the production of new growth and, most important, 
the short periods of higher temperatures might inactivate the virus, In the first tests, how- 
ever, the tops of eight Key lime plants in the chamber were killed back during a 23-day period, 
When such plants were re-exposed to ordinary greenhouse conditions, the new sprouts on the 
lower trunk of all plants showed typical tristeza symptoms; thus, the virus survived in the 
lower trunk or roots although the tops were killed by high temperatures. Subsequently, the 
shading of the greenhouse was modified in order to reduce maximum temperatures to about 
110° F (43, 3° C). Also, other changes were made in order to maintain an adequate but not 
excessive supply of soil moisture, 

The results from testing for presence of virus in tissues from plants exposed for different 
periods in the heat-chamber to temperatures which ranged from 95° to 110° C areas follows, 

A Key lime source plant infected with the Tz severe strain of tristeza virus (2) was exposed 
for 107 days. After 78 days and 107 days, leaf tissue or buds from the older portion and 
sections of new young branch growth that had developed during the exposure period were re- 
moved from the source plant and tested for the presence of the tristeza virus by grafting onto 
Key limes, Of the 6 test plants grafted with sections of young branches, none showed tristeza 
leaf symptoms in the 5- and 6-month periods of observation, Five plants had no stem pits and 
a branch on the remaining plant had 1 pit that might indicate a latent infection, In contrast, 

2 Key lime plants grafted with old leaf tissue and a bud from the main stem showed character- 
istic tristeza leaf symptoms in 35 days and at the end of a 5-month period averaged 20 to 50 
pits per inch of stem examined, The source plant developed new growth with characteristic 
vein-clearing and stem-pitting symptoms following its return to greenhouse conditions, 

Another tristeza-virus-infected Key lime source plant was exposed for 40 days in the heat 
chamber, Two new branch sections of this plant were side-grafted onto Key lime test plants; 
there were no visible disease symptoms on either scions or test plants in a 4-month period. 
Simultaneous transfer of leaf tissue from older growth to a Key lime resulted in definite 
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tristeza symptoms, 

Tests for presence of tristeza in 9 new branches from 4 Key lime plants exposed for 30 
days in the heat chamber resulted in 4 test plants with tristeza symptoms, 1 with questionable 
symptoms, and 4 plants apparently free of the virus at the end of a 40-day period, 

A Cuban shaddock plant infected with both the T, mild strain of tristeza (2,6) and psorosis 
virus, Pj source, was exposed for 95 days in the heat chamber and the new growth tested by 
side-grafts to both Key lime and sweet orange plants, These test plants have not shown leaf 
symptoms of psorosis or tristezain a 4-month period, but 1 of 3 Key lime plants showed 1 pit 
in 15 inches of stem examined, One of two sweet orange test plants inoculated with pieces of 
old leaves from the heat-treated plants has shown psorosis symptoms, These tests suggest 
that new branch growth developed under high temperature chamber conditions may be free of 
both psorosis and tristeza viruses, even though these viruses may persist in the older growth, 


DISCUSSION 


The data from hot-water treatments of citrus budsticks indicates that the thermal in- 
activation points of the tristeza and psorosis viruses are higher than those of the four peach 
viruses tested by Kunkel. Thus, it might be anticipated that exposures of virus-infected citrus 
plants to heat-chamber treatments would require the use of higher temperatures or longer 
exposures than those which cured yellows-infected peach trees, 

The limited experience obtained in the heat-chamber treatments of tristeza- and psorosis- 
virus-infected citrus plants indicates that the plants were under marginal conditions for the 
production and maintenance of new growth, Trials are being made with virus-infected plants 
to determine the effects of cutting back, defoliation, and pushing of bud growth prior to ex- 
posure in the heat chamber. Better methods are needed to prevent the burning of new young 
foliage. 

The data presented indicate that the elimination of tristeza or psorosis viruses from an 
entire plant by heat treatment would be difficult. On the other hand the obtaining on infected 
plants in the heat chamber of some new branch growth, that can be propagated and that is 
apparently free of tristeza and psorosis viruses, 1s of special interest to all workers involved 
in the establishment of virus-free citrus budwood sources, 
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~ OCCURRENCE OF RANGPUR LIME DISEASE 





IN FLORIDA AND ITS CONCURRENCE WITH EXOCORTIS1 





H, J. Reitz and L. C, Knorr? 


Abstract 


The presence in Florida of Rangpur lime disease is reported, Data 
presented form the basis for the following factual and theoretical con- 
siderations: 1) The etiological agent of Rangpur lime disease appears 
to be the same as, or at least quite constantly associated with, that 
causing exocortis in trifoliate orange, 2) The incubation period of RLD 
in Florida is of the same order as that reported from Brazil and Texas, 
but is at variance with that from California, 3) Rate of scaling is 
greater in trifoliate orange than in Rangpur lime, 4) Trees on trifoliate 
orange rootstocks are uniformly affected by stunting and scaling due to 
exocortis, but few trees on Rangpur lime are so affected, In view of 
these findings, it is suggested that Rangpur lime and trifoliate orange 
not be used as rootstocks in Florida until distribution of the causal virus 
in the State's sources of budwood has been studied, 





This note records the presence in Florida of Rangpur lime disease, and adds further 
evidence to the thesis, originally propounded by Moreira (2), that Rangpur lime disease is 
caused by the same virus that causes exocortis in trifoliate orange, Observations in Florida 
coincide with those reported by Olson and Shull (4) in Texas, but are at variance with pre- 
liminary reports (1) from California, 

Presence in Florida of Rangpur lime disease was observed recently in a rootstock trial 
set out in December 1950 by the senior author, Two scion varieties are represented: the 
Henninger strain of Ruby Red grapefruit, and Valencia sweet orange, Grapefruit budwood 
used in making these trees came from two 19-year-old Ruby Reds on rough lemon rootstock, 
and sweet orange budwood came from two 26-year-old Valencias alsoonrough lemon, All 
four parent trees appeared to be in healthy condition at the time of cutting budwood, and to- 
day these trees continue to appear thrifty and normal, 

No records were kept concerning trees furnishing budwood for any particularprogeny tree, 
but according to figures on trifoliate orange in Table 1, it is obvious now that at least one of 
the Valencia parent trees and both of the grapefruit parent trees were infected with exocortis 
virus at the time budwood was collected, 

Stock and scion varieties represented in this planting, located on Leon soil at the Ft, 
Pierce branch of the Citrus Experiment Station, are listed in Table 1. Against each com- 
bination are shown the effects of Rangpur lime disease (Figs. 1A and 2D) and of exocortis 
(Figs. 1B and 2A, 2C) on trunk circumference, size of tree, and presence or absence of bark 
scaling in susceptible and tolerant varieties, Additional indications of the effect of infection 
on rates of growth are shown in Figure 3, Rates of the appearance of trunk scaling symptoms 
are shown in Figure 4, 

Data in Table 1 and Figures 3 and 4 form the basis for the following factual and theoret- 
ical considerations: 


1) Etiological agent of Rangpur lime disease in Florida appears to be the same 
as, or at least quite constantly associated with, that causing exocortis in trifoliate 
orange, 

2) Incubation period of Rangpur lime disease in Florida is of the same order 
as that reported from Brazil (3) and from Texas (4). Symptoms of stunting be- 
came evident in some individuals as early as the fourth year from budding, and 





: Florida Agricultural Experiment Stations Journal Series No, 602, 


2 Horticulturist-in-Charge and Associate Plant Pathologist, respectively, Citrus Experiment 
Station, Lake Alfred, Florida. The kindnessofMr, Robert Reece, Indian River Field Laboratory, 
Ft, Pierce, in assisting with the collection of datais herewith acknowledged, 
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B--Trunk of a Ruby Red grapefruit 


at the same time, showing 1) shelling of 
bark below the bud union and 2) failure 
of overgrowth of the stock--overgrowth 
that normally occurs in trifoliate orange 
rootstocks when free of exocortis virus, 


of trifoliate orange, 
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tree on trifoliate orange rootstock budded 


FIGURE 1. Comparison of 
Rangpur lime disease and exocortis 


A -- Trunk of a Ruby Red grapefruit 
tree on Rangpur lime rootstock budded 
6-1/2 years ago, showing shelling 

of bark below the bud union, 
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FIGURE 2, Effect of Rangpur 
lime disease and/or exocortis on 
Ruby Red grapefruit trees budded 
6-1/2 years ago to various rootstocks. 
Note growth in relation to calibrated 
crosses which are 3 feet high and 2 
feet broad. 


A--Rootstock: trifoliate orange. 
Tree characteristically stunted, 
Scaling of bark as in Figure 1B. 
B-- Rootstock: sweet orange, Tree 
normal in size, No scaling of bark, 





C--Rootstock: trifoliate orange. 
Another specimen as in A). 
D--Rootstock: Rangpur lime, Tree 
is intermediate in size between those 
stunted on trifoliate orange and those 
normal on sweet orange. Scaling of 
bark as in Figure 1A, 





bark scaling as early as the fifth year. This short period is in contrast to 
the situation in California alluded to by Calavan et al. (1), where rootstock 
experiments now 7 years old have not yet shown a relationship between 
presence of exocortis and the development of Rangpur lime disease. 

3) Rate of scaling (the first specific symptom of exocortis to appear) is 
greater in trifoliate orange than in Rangpur lime, making it obvious that the 
former variety is to be preferred as an indicator plant for exocortis. 

4) Trees on trifoliate orange are uniformly stunted by exocortis virus, but 
not every tree on Rangpur lime is so affected. Neither are trees on Rangpur 
lime so severely stunted as are those on trifoliate orange. Of trees on 
Rangpur lime, 35 percent are presently unaffected either by bark scaling or 
dwarfing. Such variation in trees growing on Rangpur lime may result from 
one of several possibilities: a) existence of an incubation period that is longer 
in Rangpur lime than it is in trifoliate orange; b) the occurrence of a low 
nucellar rate with consequent variation in susceptibility of various Rangpur 
lime seedlings; and c) the presence of an unconscious bias in selecting for 
budding eyes that were not invaded by the disease-producing entity, 

5) Rootstocks not affected by either the scaling or stunting effects 
of Rangpur lime disease and/or exocortis are: rough lemon, sweet orange, 
sour orange, Cleopatra mandarin, and Sampson tangelo, 

6) Symptoms as described in this note for exocortis and/or Rangpur 
lime disease are not confounded by the presence of tristeza virus, this 
virus being judged absent because of the normal development of all trees 
on the tristeza-susceptible sour orange rootstock, No indication was 
noted, however, of the presence or absence of xyloporosis virus, 
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RUBY RED GRAPEFRUIT VALENCIA SWEET ORANGE 
SCIONS SCIONS 
O-——o Rough Lemon 
O----O Sweet Orange 
2Or e—— Cleopatra mandarin 3¢9 


e-—-@ Rongpur Lime 


4——4 Sour Orange 
4-—-—< Trifoliate Orange 


(inches) 


&——4 Sampson Tangelo 











AVERAGE CIRCUMFERENCES OF TRUNKS 
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FIGURE 3. Growth rates of various stock/scion combinations 
listed in Table 1, as measured by circumferences of trunks, 


Evidence presented above is observational; no systematic inoculation trials are repre- 
sented from which a true elucidation can be derived concerning etiologies or disease relation- 
ships, The data do make clear, however, that Rangpur lime and trifoliate orange are two 
rootstocks that should not be used by growers in Florida until more is learned concerning 
distribution of the etiologic agents of exocortis and/or Rangpur lime disease in the State's 
sources of budwood, 
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FIGURE 4. Rate of trunk scaling in trifoliate orange 
and Rangpur lime based on percentages of each variety reacting, 
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A NEW VIRUS DISEASE OF SWITCHGRASS, PANICUM VIRGATUM L. 1 





W. H.\ Sill, Jr., and R. C.! Pickett? 


In 1953 the junior author first observed this disease on switchgrass, Panicum virgatum 
L., in a 2-year-old breeding nursery at the Kansas Agricultural Experiment Station, The 
malady reappeared in much larger numbers in a 3-year-old nursery in 1955 with about 4 
percent of the plants being infected, It was particularly severe in several variable lines 
selected from the variety Blackwell. Several plants were badly stunted. Some plants were 
not stunted, although diseased, On these, symptoms were usually a mild green mosaic and 
mottle which did not develop until July. Occasionally symptoms did not appear until early 
August. They were generally more severe on stunted plants (Table 1), A yellow or light 
green blotchy mottle, mosaic, and streaking of the leaves were characteristic (Fig. 1) and 
the entire plant or sectors of it were chlorotic when badly stunted (Fig. 2). 

All symptoms, as well as variations in apparent susceptibility, pointed to a virus disease. 
Beginning in 1954 an effort was made to prove or disprove this possibility, 





Table 1, Number of switchgrass (P, virgatum) plants with apparent 
virus infection in 1955 in spaced plant nursery containing 
more than 3200 plants seeded in 1952 at Manhattan, Kansas. 





: Number of plants with leaf symptoms 
Stunting or : (noted 7/5, 7/12, 7/25, 8/1, and 8/12)@ 











loss of vigor : Mild : Intermediate : Severe 
None 66 7 0 
Slight 6 19 1 
Severe 2 gb 14> 
Total 74 34 15 





4 Eleven plants not having noticeable leaf streak symptoms on July 5 
developed mild to intermediate symptoms by August 1. 


> one or more plants in each of these groups had some dwarfed and some 
relatively non-dwarfed culms or sectors, 


MATERIALS AND METHODS 


All plants tested for susceptibility were grown in 8-inch pots in the greenhouse and were 
started from seed, with the exception of certain apparently healthy P. virgatum plants which 
were brought into the greenhouse from a first-year breeding nursery. All were inoculated at 
various stages of growth by the common carborundum rubbing method with a 1 to 5 (plant sap- 
water) dilution of the supposed viruliferous extract taken from either diseased P, virgatum 
plants or, later, crabgrass, Digitaria sanguinalis (L.) Scop. Plants grown from seed were 
inoculated during the seedling stage. All inoculated plants and controls were observed for 
several months before being discarded, The studies were made during winter and spring sea- 
sons in the greenhouse with temperatures varying from 50° to 85° F. In case of doubt, re- 








A ContributionNo, 492, Serial No, 640, Department of Botany & Plant Pathology, and Contribution 
No, 579, Department of Agronomy, Kansas Agricultural Experiment Station, Manhattan, 


3 Associate Plant Pathologist and Associate Agronomist, respectively, Kansas Agricultural 
Experiment Station, Manhattan, Junior author now Associate Professor of Agronomy, Purdue 
University, The Authors acknowledge with appreciation the help of C. L. Dhawan inthis study. 
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Table 2, Reaction of healthy P, virgatum plants to inoculation with the Panicum 








virus?, 
Number 
Selection : of : Reaction - Remarks 
plants 

6362 20 Most susceptible Quite susceptible. Typical 
mosaic, mottling and severe 
stunting, Symptoms reappeared 
2nd year and no seed produced, 

6252 12 Some susceptible 8 plants had severe symptonis, 
badly stunted, and died the 2nd 
year, 
4 plants had mild symptoms 
and produced some seed, 

6361 16 Immune No symptoms. Good seed 
production, 

6125 8 Immune No symptoms, Good seed 
production, 

6248 8 Immune No symptoms. Good seed 
production, 

6184b 16 Immune No symptoms, Excellent, 


vigorous plants plus fine 
seed production, 





* These were Ist year plants brought into the greenhouse from the field and cut back prior to 
inoculation, Abrasive rubbing inoculations were made onnew growth, Reactions might 
have differed on young plants or seedlings, 


b Notonly immune in these tests but also produced abundant forage andseed, Thisselectim 
might be very usefulin a breeding program, See Table 4 for dataon 3 other slections that 
were not infected when inoculated as seedlings. 


inoculations were made from inoculated plants to healthy D, sanguinalis plants to see whether 
or not the virus had been transmitted successfully in the first inoculation, Symptomless plants 
suspected as symptomless carriers were treated in the same way. 


EXPERIMENTAL RESULTS 


Initially, in the greenhouse several attempts were made to infect various varieties of 
wheat. No successful transmissions resulted. Then attempts were made to transmit the 
disease to healthy P, virgatum plants brought in from the field. These plants were in the 
first year of growth to minimize chances of field infection and were cut back to encourage new 
growth, When the new growth was 6 to 10 inches high, the six selections were inoculated, 
Two were susceptible to systemic invasion at this stage of growth, but four apparently were 
not (Table 2). All of these plants were observed 2 years in the greenhouse and were kept in 
a cold hallway during winter months, Susceptible plants were usually stunted. Many diseased 
culms and plant sectors were not only stunted but also sterile. Panicles on these culms were 
usually absent, usually sterile if present, and usually weak with only a few seeds if fertile. 
Selections that did not develop symptoms usually grew actively and produced abundant seed on 
normal panicles (Table 2). One selection, 6184, was outstanding in forage and seed production. 
Three selections of diseased P. virgatum plants were dug and brought into the greenhouse 
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FIGURE 1. Leaf symptoms caused by the Panicum mosaic virus on Panicum 
virgatum, The leaf at the far left is healthy, Early symptoms may be light green 
to yellow spots or streaks (3 leaves at left), Later a general blotchy, irregular 
light green-to-yellow mottle and mosaic is more characteristic (leaves toward the 
right), Older infected leaves may be a bright yellow. The yellow leaves then die, 
the necrosis beginning at the tip and moving gradually to the base of the leaf (leaf 
at far right), Occasionally small eyespots, green with a yellow border, are present, 
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Susceptible clump of Panicum virgatum, 
plants infected with the Panicum mosaic virus, 


Notice extreme stunting, 


FIGURE 2 


switchgrass 





? 


chlorosis, andnecrosis when com- 


pared with the healthy clump of plants to the rear, 
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FIGURE 3. Panicum mosaic virus symptoms as they appear 
on Digitaria sanguinalis, Note the green-to-yellow mosaic and 
mottle and the dark green irregular eyespots with yellow borders, 
Diseased leaves gradually die from the tip; healthy leaf at far right, 
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FIGURE 4, Panicum miliaceum infected with the Panicum mosaic 
virus, A severe yellow-green-mosaic and mottle developed on diseased 
plants accompanied by extreme stunting, gradual necrosis, and finally 
death of the entire plant. Healthy plants are in pot at left. 


from the field for observation, There were 20 plants of selection 2278-9, 24 plants of 
2275-8, and 42 plants of 2144-12. Selection 2278-9 developed severe symptoms in both of 
the years it was observed and most of the plants died during the second summer, Only one 
culm produced seed the second year, Selection 2275-8 had plants showing mild and severe 
symptoms the first year. Marked differences in susceptibility seemed to be present, The 
second year 9 of the 24 plants were stunted severely and did not produce panicles, Seven 
bore mostly sterile panicles. Eight produced apparently normal culms, panicles, and seed, 
The plants in selection 2144-12 developed severe symptoms the first year and often were 
badly stunted, At the end of the second year severe stunting was typical, Twenty-seven of the 
42 plants were dead and the remainder produced only a few culms that bore weak and usually 
sterile panicles, 
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Table 3. Panicum virgatum selections, and other grass species susceptible to 
systemic infection by the Panicum virus®. 











& 3 : 
Species : Number : Number : Symptoms 
and selections : of FY of 2 
3: triale =; plants? 3 
Panicum virgatum L. 
( switchgrass) 
Sel. No. 216518 2 6/2 Diffuse green mosaic; some yellowing. 
2134-5 2 10/23 Green-yellow mosaic and mottle; stunted by 
half; sterile. 
2203-20 2 2/18 Yellow mottle plus stunting; both diseased 
plants died prematurely. 
2201-20 2 2/14  Green-yellow mosaic and mottle; stunted by 
helf; sterile. 
2169-2 2 2/23 + Green-yellow moscic and mottle; badly 
stunted; one died. 
2220-13 2 6/25 Yellow mosaic ana mottle with stunting. 
3230-2 2 8/26 Yellow mosaic and mottle plus severe stunt. 
6252 2 8/8 Lethal; very susceptible and severe reac- 
tion. 

Ver. Nebraska-28 2 20/97 ‘Severe yellow mosaic and mottle plus stunt; 
some culms end plants dying prematurely; 
some seed produced on weak plants. 

Blackwell 2 8/20 Yellow-green mosaic end mottle. 
Panicua milieceum L. 
(broomcorn millet) 

Sel. No. 163300 2 8/12 Severe yellow-green mosaic and mottle fol- 

lowed by necrosis and premature death. 
179388 2 7/15 Same. 

Panicum capillare L. 

(ticklegrass) 2 6/6 Severe yellow-green mosaic and mottle; 
stunting. 

Panicum scribnerianum Nash 

( panicgrass) 2 1/i9_—s Green mosaic and mottle. 

Panicum hallii Vasey 

(Hall's panicum) 2 2/8 Yellow mosaic and stunting. 


Setaria italica (L.) Beauv. 
(foxtail millet) 2 8/22 Severe yellow-green mosaic followed by 
necrosis and death. 


Echinochloa crusgalli (L. ) Beauv. 


(barnyard grass) 2/16 = Symptomless carrier. 
Digitaria sanguinalis (L. 2 Scop. 
(crabgrass) 51/62 Green mosaic and mottle; irregular darker 


green eyespots in yellow-green background; 
little stunting. 





®a1l1 plants were started from seed and inoculated in the seedling stage. Four or more 
uninoculated control plants were kept for each species and selection during each 
experiment. No symptoms developed in these controls and no virus could be transmitted 
from them to D. sénguinalis. 
umerator = number of plants infected. Denominator = number of plants inoculated. 
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symptomless plants. 
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Table 4. Species, varieties, crosses, and selections inoculated 
with but apparently immune from the Panicum virus®. 
: Number: Total 
Plants inoculated 2 of =: number of 
: trials : plants 
Triticum aestivum L. (wheat) 

Var. Pawnee 4 52 
Agropyron repens L. (quackgrass) 2 1o 
Agropyron elongatum (Host.) Beauv. 2 25 
Zea meys L. (meize) 

Var. Pride of Saline 2 24 

Golden Giant (sweet) 2 20 
Hordeum vulgéere L. (barley) 
Var. Dicktoo 3 % 
Black Hulless 3 32 
Avena sativa L. (oats) 
Var. Mo-0-205 3 41 
Coast Black 3 34 
Secale cereale L. (rye) 

Var. New Dakold 2 23 
Agropyron x wheat hybrids 

Row # 52-6719-23 2 24 

52-6605 2 24 

53-6897 2 x 

54-721 2 x 
Lolium spp. (ryegrass) 2 28 
Sorghum vulgare Pers. (sorghum) 

Var. White Restland 2 20 
Pennisetum glaucum (L.) R.Br. (peari millet) 2 37 
Phaleris arundinecea L. (reed canarygrass) 2 24 
Eleusine indica (L.) Gaertn. (goosegrass) 2 6 
Dactylis glomerata L. (orchardgrass) 2 % 
Bromus inermis Leyss (smooth brome) 2 10 
Panicum virgatum L. (switchgrass) 

Sel. 3213-2 2 12 

3212-2 2 4 
6184 2 32 
Panicum maximum Jacq. (Guineagrass) 4 38 
Panicum depauperetum Muhl. (panicgrass) 2 x 
Paspalum spp. 2 4 
Cyperus esculentus L. (sedge) 2 8 
Nicotiana tabacum L. (tobacco) 
Var. Havana 38 2 6 
Gold Dollar 2 6 
Nicotians glutinosa L. 2 4 
Vinca rosea L. (Madagescar periwinkle) 2 4 
Aster spp. (aster) 2 6 
Gomphrena globosa L. (globe amaranth) 2 8 
“attempts to transfer the virus from these plants to D. sanguinalis were made if suspected 
symptoms of some type were present. In many cases attempts to trensfer the virus were meade 
when no symptoms developed, but the press of other work mede it impossible to check all 
Control plants of each species and variety in each experiment were not inoculated. No 
syaptoms developed and no virus could be transmitted from these controls. 
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Thirteen selections of P, virgatum grown from seed were inoculated in two trials, Ten 
were systemically susceptible and several were severely stunted (Table 3), Some diseased 
culms and plants died, Other culms and plants did not produce panicles, Still others devel- 
oped sterile panicles. As shown in Table 3, in most cases a low percentage of the plants 
inoculated actually developed the disease, This may indicate that good resistance, or per- 
haps immunity, could be obtained within many present P. virgatum selections. Three selec- 
tions, based upon negative cross inoculations and lack of symptoms, were apprently immune 
(Table 4), These selections in particular might be very useful in a breeding program if this 
disease should become severe in the future, 

Four other Panicum species proved to be susceptible (Table 3) and two were apparently 
immune (Table 4), Three other grass species are listed as susceptible in Table 3, One of 
these, D, sanguinalis, proved to be a most useful host, Eighty-two percent of the inoculated 
plants developed the disease, There was little stunting. Leaf symptoms were clear, con- 
sisting of a green mosaic and mottle, and small, dark green eyespots in a yellow-green back- 
ground (Fig. 3). Two selections of Panicum miliaceum L. were extremely susceptible. A 
severe yellow-green mosaic and mottle developed on diseased plants accompanied by extreme 
stunting, gradual necrosis, and finally death (Fig. 4). 

Wheat, corn, barley, oats, rye, and sorghum varieties were inoculated but did not 
develop symptoms (Table 4) and the infective entity could not be obtained from these plants, 
Table 4 lists several other apparently immune grasses, and six species, not of the grass 
family, which also were immune, 

The apparent sterility of diseased culms seemed to warrant further attention, Thirty-one 
sectors of diseased plants, each including 2-8 culms were marked and observed, Nineteen of 
these became severely stunted and produced no panicles, Of these 19, at least half died, The 
remaining 12 produced only a few weak and often stunted panicles, which usually bore few 
mature seeds, Only a few panicles were normal, Healthy plants of the same selections pro- 
duced normal panicles and seed, 





SUMMARY AND DISCUSSION 


A disease of switchgrass, Panicum virgatum, which appears to be due to a new manually- 
transmissible virus, is reported, Tables giving some susceptible and immune plants, and 
symptoms, are included, Although not important in Kansas now, the disease can cause such 
extreme forage and seed reduction in individual plants that it must be considered as poten- 
tially severe. Differences in susceptibility of P, virgatum selections are reported and three 
are listed that probably are immune, Based upon abrasive inoculations, the host range of this 
virus would appear to be distinctly different from any other known grass or small grain virus, 
So far only a small number of rather closely related grasses has been infected, Successful 
cross inoculations were made between susceptible species, P. virgatum is a perennial and 
the virus has persisted in some individual plants since 1953. No rapid field spread has been 
observed. 

So far all tested varieties of wheat, oats, rye, barley, corn, and sorghum, have been 
immune, Since P, miliaceum_ and Setaria italica were highly susceptible, further work may 
prove some other commercial millets to be susceptible, 

In an earlier account the senior author reported3 the incubation period on Digitaria 
sanguinalis to be 7 to 15 days during warm weather, It increased with lower temperatures. 

In three trials, the apple grain aphid, Rhopalosiphum prunifoliae (Fitch, ), did not transmit 
the virus. The common name Panicum mosaic was suggested for the disease and Panicum 
mosaic virus for the causal entity, 














DEPARTMENTS OF BOTANY AND PLANT PATHOLOGY AND AGRONOMY, KANSAS 
AGRICULTURAL EXPERIMENT STATION, MANHATTAN, KANSAS 





3Sill, W. H., Jr. 1957. Panicum mosaic, anew virus disease of Panicum virgatum and related 
grasses, (Abst,) Phytopathology 47: 31. 
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, ELECTRON MICROSCOPY OF SEVERAL VIRUSES OCCURRING IN 
ar WHEAT AND OTHER MONOCOTS! 








A. Herbert Gold, Howard A.\ Scott, and H. H. McKinney 


Abstract 


This preliminary report deals with the morphology and size of particles 
present in mosaic diseased plants within the families Gramineae and 
Liliaceae, The study is being conducted for the purpose of determining and 
evaluating virus characters, withreference totheir use in a system of 
classification, Particular attention is being given to type cultures that are 
listed or are to be listed in the Catalogue and Registry of the Plant Viruses3, 

The length of each of the three supposed virus species studied showed 
a distinct mode, One of the species was a straight rod and two species were 
flexuous rods, On the contrary, the supposed strains of a particular virus 
species were always indistinguishable in size and morphology from closely 
related strains, 


MATERIALS 


The viruses included in this study are mechanically transmissible by the carborundum- 
finger wiping method (6). Each of the wheat mosaic virus strains came originally from plants 
naturally inoculated with virus that overseasons in some unknown manner in the soil (3, 4, 
5,8,9). The mosaic rosette virus has been reselected from time to time to prevent domina- 
tion of the culture by yellow-mosaic virus present as a trace contaminant or as a mutant. 

The yellow-mosaic virus isolates differ from each other in the degree to which they deform 
and injure the plant, as described previously (5). The Agropyron-mosaic virus strains have 
been described briefly with regard to the symptoms induced (3, 4), and the isolates of 
Nothoscordum mosaic virus have been described somewhat more completely with respect to 
biological characteristics (7). 


METHODS 


All of the viruses were propagated in greenhouses or plant culture chambers at Belts- 
ville, Maryland, Infected and virus-free control tissues were from the same plant variety, 
were the same age, and were cultured under the same conditions, 

The leaves were homogenized in 100 parts of water, the homogenate mixed with a poly- 
styrene suspension containing spherical particles of a known size, and the mixture sprayed 
on grids for electron microscopy. In some instances the leaves were frozen until ready for 
use, The electron micrograph plates were projected on paper, the particles were traced on 
the paper, and the particle length measured with a millimeter rule. For measurement of 
particle widths, the particles and polystyrene spheres were enlarged as much as possible on 
prints, and the particle widths were measured on prints, From 7 to 9 particles were mea- 
sured for the determination of each mean width, 

Takahashi and Rawlins (10) and Gold, Suneson, Houston and Oswald (1) have shown that 
purified preparations of certain rod-shaped viruses are unsatisfactory for length measure- 
ments because of the marked end-to-end aggregation that occurs during purification, Unpub- 
lished results with other rod-shaped viruses have demonstrated similar end-to-end aggrega- 





1 Contribution from the project on systematic plant virology in the Department of Plant Pathology, 
University of California, Berkeley, supported in part by agrant from the National Science Founda- 
tion, 

2 Respectively, Assistant Plant Pathologist and Assistant Specialist, University of California, 

and Plant Pathologist, Field Crops ResearchBranch, Agricultural Research Service, United 
States Department of Agriculture, Beltsville, Maryland, 

3 This catalogue was prepared under the auspices of the American Phytopathological Society, 
Subcommittee on Virus Type Culture Collection, the United States Department of Agriculture, 
and the American Type Culture Collection, 
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Table 1. Morphology and size of particles regarded as virus, which are associated 
consistently with mosaic diseases of three monocotyledonous species. 




















3 $ z 
Fy : Num ; Particle characteristics 
Virus : ATCC : ber: 3 
: : meas— : Rod : Dimensions (millimicrons) 
: No." : ured : shape: Width : Length 
: 2 3 : Aver- : Mini- : Maxi- : Aver- : Mode 
3 3 3 sage +: mum: mums: age: 
Qverseasoning in the Soil Is Known: 
Wheat mosaic-rosette 
(Lafayette, Indiana) 62 207 Straight 24.6 9 467 195 128 
Wheet yellow mosaic 
(Lafayette, Indiana) 63 190s Straight 25.8 85 708 231 128 
(La Porte, Indiana) 64 237 Straight 26.1 71 370 141 128 


(Clemson, South Carolina) 65 245 Straight 25-8 71 482 183 128 
Healthy control 

Harvest Queen wheat No rods 

Michigan Amber wheat No rods 


Overseasoning in the Soil Is Not Known: 





Agropyron green moseic 


(Arlington, Virginia) 67 8 Flexuous 17.6 430 1915 856 877 
Agropyron yellow mosaic 

(Arlington, Virginia) 68 63 Flexuous 19.5 483 1880 906 877 
Healthy control 

Agropyron repens No rods 
Nothoscordum (false garlic) mosaic 

(Teneriffe) 70 145 Flexuous 19.1 267 2185 785 777 

(Louisiana) —_ 157 Flexuous 20.2 340 2452 824 777 

(Louisiana) —_ 117_—s Flexuous 19.8 354 238 871 765 





a Accession numbers in the Catalogue and Registry of the Plant Viruses, American Type Culture 
Collection, Washington, D, C, 


tion of virus particles during purification, This end-to-end aggregation not only produces 
atypical, greatly elongated particles, but also increases the variability in length of particles, 
Accordingly, in this work, unpurified virus preparations have been used for all viruses ex- 
cept the yellow mosaic from La Porte, It was found necessary to use density gradient cen- 
trifugation to get a sufficient number of virus particles of this strain, 


RESULTS 


The results are presented in Table 1, It will be noted that all of the healthy plants were 
free of the rod-shaped particles found in virus-infected plants, The soil-borne wheat viruses 
included in these studies have long been regarded as related strains (3, 4, 5) and the present 
study shows that the rod-shaped particles of the four strains are indistinguishable, All are 
straight rods with a modal length in a class value between 120 my and 135 my (midpoint 
around 128 mu), The average width for the four strains varied from 24.6 my to 26.1 my. 
This variation is considered to be due to error of measurement rather than to any significant 
difference in the width of the particles in different strains‘, 





4 The discrepancies evident between our data and the data published by Thornberry, Vatter and 
Hickman (12), and by Hebert and Coleman (2), cannot be clarified at this time. 
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The results with Agropyron mosaic also confirm earlier evidence (3, 4) that these two 
viruses are strains, rather than distinct species, Both are flexuous rods with a modal length 
in a class value between 868 my and 886 my (midpoints of 877 mu), The average widths were 
found to be 17,6 my and 19.5 my and are not considered to be significantly different, 

The collections of Nothoscordum (false garlic) mosaic virus apparently are not strains 
of Agropyron mosaic virus, but are strains of a distinct species, The Nothoscordum mosaic 
virus, like the Agropyron mosaic virus, is a flexuous rod, but the modal length is in a class 
value between 765 my and 790 my (midpoint 777 mu), The average width for the Teneriffe 
strain was found to be 19.1 my. That for the first measurements on the Louisiana strain was 
20,2 mu. 

In order to determine the reproducibility of length measurements of the Louisiana strain 
of this virus, a second set of micrographs was measured, In this set, the length mode was 
found to be 765 my and the average width was 19,8 my. It is therefore evident that this virus 
gives a fairly reproducible mode if the methods used in preparation are those which cause a 
minimum of aggregation, The variation found in width measurements is considered to be a 
result of the high percentage error in such measurements and not of any significant difference 
in the width of the particles, 


DISCUSSION 


The results of these studies confirm earlier results (10,11) which indicated that electron 
microscope studies of the morphology and size of rod-shaped plant viruses provide strong 
evidence regarding their relationship. 

Identity in size and morphology, of course, cannot be considered as proof that two viruses 
are strains of the same virus species because it is to be expected that eventually more than 
one rod-shaped virus species may be found to have essentially the same size and morphology. 
However, -the frequency of finding such a combination will probably be low, There is certainly 
ample evidence for suspecting two or more plant virus collections with particles of the same 
size and morphology as belonging to the same strain or to very closely related strains, until 
good evidence to the contrary is obtained, Accordingly, size and morphology of rod-shaped 
viruses should have major consideration in any system of virus classification, 
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MAINTENANCE OF NATURALLY INFECTIOUS 
CULTURES OF THE SOIL-BORNE VIRUSES 
OF WHEAT MOSAIC AND OF OAT MOSAIC, WITHOUT THE USE OF SOIL 











H. Hi. McKinney! 


Owing to the complexity of soil, it has been dispensed with in certain critical studies 
relating to the overseasoning of, and to the method of natural inoculation with, the soil- 
borne viruses of the small grains. Unexplainable failures with this method have been less 
frequent than with soil culture. 


MAINTENANCE OF VIRUS CULTURES 


Following the method for soil culture as outlined in another report (2), naturally in- 
fective cultures are maintained in washed, autoclaved river-sand by the introduction of 
thoroughly washed roots from mosaic plants which had been inoculated by the natural method 
in the field, Naturally infective cultures of the wheat-mosaic virus also are maintained in 
Silica grit averaging 1.7 mm in diameter, in granite poultry grit of three sizes, averaging 2, 
5, and 7 mm in diameter, and in spherical, clear white glass laboratory beads 3,5 mm in 
diameter, Owing to space limitations, the oat-mosaic virus is established in river-sand only. 
Culture is in clay pots, 3, 4, or 6 inches in diameter, All water is supplied in a nutrient 
solution containing all of the essential and trace elements supplied by commercial dry-salt 
mixtures, 

When glass beads or coarse grits are used, essentially clean roots may be collected for 
microscopic study without rinsing in water, and with little or no injury to the fine rootlets 
and root hairs. The entire root system or part of it may be removed, After study, the roots 
can be returned to the culture medium, and the plant will continue growth, with little or no 
sign of shock, The sand, fine grit, and mixtures of the several sizes of grit have an advan- 
tage over the coarser materials, in having a higher water-holding capacity. 

The accumulation of organic matter is kept to a minimum in the cultures by removing 
the dead roots produced previously to those of the current crop, and from 1/2 to 2/3 of the 
roots of the currently grown plants, Frequently, cultures remain active when nearly all of 
the roots are removed, Occasionally, natural inoculation and infection occurred in plants 
grown in the glass-bead cultures that were seeded immediately after removing all of the roots 
of the current crop that could be detected with the naked eye, The roots from the current 
crop of mosaic plants may be used to start new cultures. 

A naturally infective culture of wheat-mosaic virus has been mainteined in Red Winter 
spelt grown in river-sand for 2 years, and in silica grit for 6 years, Otser cultures started 
later in granite grit are active in their 5th year. Naturally infective cultures of oat-mosaic 
virus in river-sand are moderately active in their 9th year, The cultures produced one crop 
each year. After harvest they were kept moist, and stored in a warm glasshouse until time 
for seeding in the autumn, Culture was in insulated pots by the method described (2) for soil 
cultures, 


TESTING FOR VECTOR 


With culture in soil, sand or grit, the following method is used for testing the vectorial 
potentiality of a root- or soil-inhabiting organism: 


1. All culture materials, pots and saucers are disinfected. 

2. The organism to be tested is introduced into the culture material in one-half of the 
pots (Set 1). These and the remaining pots (Set 2) are sown with disinfected seed of the test 
plant, Culture is near 60° F, with a daily photoperiod of 8 to 12 hours of daylight, these 
periods being determined largely on the basis of convenience, 

3. On reaching the three-leaf stage, the plants in one-half of the pots in each of the 
Sets are inoculated by the carborundum-wiping method (1), using virus that originally was 
isolated from plants that became infected from natural inoculation in the field, 





1PlantPathologist, Field Crops ResearchBranch, Agricultural Research Service, United States 
Department of Agriculture, 
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4. The plants are kept under observation for 11 weeks or longer, when the stalks are 
removed at the crown, When the roots are not allowed to decompose before starting the 
next crop, the seeds are germinated in steamed grit and transplanted in the experimental 
cultures just as they emerge from the grit. This avoids the high mortality of germinating 
seeds that often occurs when seeds are sown in a fresh-root culture, Culture conditions are 
the same as for the first crop, However, no manual inoculations are made, and a naturally 
active culture is included to insure that the environment favors natural inoculation and the ex- 
pression of mosaic, Great care is exercised to prevent contamination from this control to 
other cultures in the test, Sometimes a third crop is grown in the cultures, 


In the event that an organism under test is a vector for the virus, mosaic should appear 
in the second and subsequent crops of plants in pots of Set 1 containing roots of manually 
inoculated mosaic plants of the first crop, and the plants in the remaining pots should be 
mosaic-free, excepting for those of the naturally infested control. 

Two species of nematodes, Aphelenchus avenae and Panagrolaimus sp., associated with 
the roots of mosaic plants were isolated and cultured by Dr. Jesse R. Christie and supplied 
to the writer, These were isolated from the roots and crowns of mosaic oat plants growing 
in active soil collected at Auburn, Alabama, Aphelenchus avenae also was isolated from the 
roots and crowns of mosaic wheat plants growing in active soil at Clemson, South Carolina, 
The first two cultures were tested in soil with oat-mosaic virus, and the last mentioned cul- 
ture was tested in soil and in sand with the wheat-mosaic virus, by the method outlined above, 
In each of the tests mosaic developed in the plants in the naturally infested soil, but not in 
plants in soil containing nematodes that had been associated with the previous crop of manually 
inoculated viruliferous plants, 

The vectorial potential of other soil inhabiting organisms that are consistently associated 
with the roots of naturally inoculated viruliferous plants growing in the grit cultures is being 
explored, It is the practice to work with combinations of microoroganism and virus that have 
been isolated from the same culture pot or from the same plant, since the several soil-borne 
strains of a virus species may not have a vector that is common to all, 











RYE AS A TEST PLANT 


In preliminary tests comparing the unidentified winter rye collected by Sill (3), with Red 
Winter spelt and several wheats used as testers for the soil-borne wheat-mosaic virus, the 
rye has been the most vigorous in growth, and has expressed the strongest mosaic markings 
in the shortest incubation time. With manual inoculation, the rye has given the highest per- 
centage of plants infected, With natural inoculation the difference has not been striking, No 
signs of infection have appeared in the rye when grown at summer temperatures in a shaded 
glasshouse, but at temperatures near 75° F, mosaic has developed in the rye and also in 
spelt when grown in a very active naturally infested grit culture, It appears that this rye can 
replace Red Winter spelt as a test plant for studies on the soil-borne wheat-mosaic virus, 
but further study is required to determine if it will facilitate the use of appreciably higher 
culture temperatures, 
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STUDIES ON CHEMICAL CONTROL AND OVERSEASONING OF, AND NATURAL 
INOCULATION WITH, THE SOIL-BORNE VIRUSES OF WHEAT AND OATS — 











H. H. McKinney, W. R, Paden, and Benjamin \Koehlerl 


Abstract 


Field soils infested either with wheat-mosaic virus or oat-mosaic virus 
are rendered non-infectious easily by treatment with formaldehyde, chloro- 
picrin, carbon disulfide, dichloropropene-dichloropropane (D-D), or ethyl 
alcohol. However, infectivity is not easily decreased when these soils are 
treated with toluene, 

Natural inoculation of test plants occurs when the thoroughly washed 
roots from naturally inoculated mosaic plants from the field are introduced 
into the autoclaved test soils several months before seeding in the autumn, 
On the other hand, natural inoculation does not occur, as evidenced by free- 
dom of the test plants from mosaic, when culture is in autoclaved test soil 
to which is introduced virus laden juice, or leayes, or roots from mosaic 
diseased plants that had been inoculated manually, or virus laden leaves from 
mosaic diseased plants that had been inoculated naturally in the field, 

It is reasonably evident that an essential agent (vector) closely associated 
with the roots of mosaic diseased plants growing in naturally infested soil is 
involved in the natural overseasoning of, and inoculation with, the soil-borne 
cereal viruses, 





Literature on the cereal viruses that overseason in the soil is listed in other reports by 
McKinney (5, 6, 7, 8, 9,10) and by Koehler et al. (2). The oat mosaic viruses have received 
some study, but the mosaic viruses of wheat have received the most attention, 


GENERAL METHODS AND MATERIALS 


Each species and variety of test plant used in these studies has required cool tempera- 
tures for successful inoculation by the natural method, and by manual methods, In the studies 
conducted out-of-doors, the tests were made in the natural culture season for field grown 
winter small grains, with certain modifications, 


Ground Beds Located Out-of-doors: -- At Clemson, South Carolina, the beds used for 
the oat-mosaic studies were confined within wooden frames, These frames were 24 inches 
square, inside, constructed of boards 3/4 inch thick and 6 inches wide, set in the ground to 
a depth of 4 inches, They were spaced 28 inches apart in rows, and the spacing between the 
rows was 38 inches. The land area was located in a corn field considered to be free from 
virus infestation. Early in September the soil was removed from each bed to a depth of 1 3/4 
inches, and the remaining soil in each bed was treated with chloropicrin by the injection 
method. The chemical was used at the rate of 6.3 ml per square foot, Applications were 7 
inches deep in each corner and in the center of each bed, After treatment, the soil was 
sealed with water and then covered with tar-felt paper for 3 days. On October 4, 19 quarts 
of experimental soil were placed in each frame 12 days before seeding, The oat seed was 
sown on October 16 in 4 rows in each bed, and the number of plants in each bed in the spring 
approximated 200, When the plants started to come in panicle 2 of the alternate rows were 
removed from each bed, and the remaining 2 rows were continued for a study of grain yield. 
Plant counts made on the discarded rows served as the basis for the estimated average plant 
counts in all four rows of all the beds. In reporting the results of grain yield (10), the senior 
author inadvertently failed to mention that the number of plants with mosaic cited in Table 1, 
column 2, was based on all plants in the plots before removal of the 2 rows. 








1 Respectively, Plant Pathologist, Field Crops ResearchBranch, Agricultural Research Service, 
United States Department of Agriculture ; Agronomist, South Carolina Agricultural Experiment 
Station; and Plant Pathologist, Illinois Agricultural Experiment Station, 
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At Urbana, Illinois, the frames used for wheat mosaic studies were 18 inches wide and 
24 inches long, inside, They were spaced 20 inches apart in a single row on a strip of old 
bluegrass sod, The sod was removed to a depth of 3 inches to accommodate the frames (2), 
but the surrounding sod was not disturbed. The soil below was not treated with any chemical 
but 16 quarts of experimental soils were placed in each frame a few days before seeding in 
the autumn, Approximately 100 wheat plants were grown in each bed, Owing to the difficulty 
of making exact counts of the closely spaced plants in the beds at Clemson and Urbana, all 
the data were recorded in estimated percentages of plants, 

At Clemson and at Beltsville, some work was done with experimental soil lots of 1-quart 
and 3-quart volumes, These were confined in retaining rings, 7, 8, or 10 inches in diameter, 
The rings were spaced various distances in soil that was considered to be free of virus. The 
rings were made of galvanized sheet steel or of heavy tar-felt building paper. 

At Urbana, where the beds were located in a level bluegrass sod, no signs of contamina- 
tion were detected in the noninfested controls during four seasons of study which included tests 
that have been reported by Koehler et al. (2). At Clemson, where the beds were located on a 
slight slope in a sparse stand of rye grass, there was evidence of slight splash contamination 
the first season. Several of the noninfested control beds were contaminated by the second and 
the third seasons, At Beltsville, contaminations appeared the first season, as evidenced by 
late signs of mosaic in test plants growing between some of the rings which contained infested 
soil, 


Pail and Pot Method: -- Metal pails with perforated bottoms ranging in capacity from 10 
to 14 quarts, and 10-inch clay pots also were used as soil containers, All of the soil except 
the top 2 to 3 inches in each container had been steamed, This method proved to be impracti- 
cal because of the large volume of soil required, and because the plant roots in exposed pails 
and pots frequently were injured during the winter. 





Insulated Pot Method: -- For critical studies, all of the bed methods and the pail method 
have been abandoned, When critical tests are conducted out-of-doors, the processed materials 
(1 quart or 1 liter volume) are placed in 6-inchclay pots, Each pot is placed over steamed 
gravel in a 12- or a 14-quart pail with drainage openings in the bottom, Steamed peat or 
sphagnum moss is packed in the space between the pot and the pail to insulate against low tem- 
peratures, Each pail is placed on a piece of tar-felt building paper, and spaced at least 18 
inches apart, Steamed soil placed in the bottom of each pot brings the test soils up to the 
desired level. Several layers of gauze are sometimes placed over the exposed insulating 
material to guard against its getting into the culture, 

At Beltsville, the seeding is done in the glasshouse during the last week in September. 

As soon as the seedlings emerge the pots are placed in the insulated pails and moved outside, 
From 10 to 12 plants are grown in each pot, and care is exercised in keeping the soils moist 
and properly fertilized with a nutrient solution of suitable concentration and containing all the 
major and minor essential elements. Oat-mosaic cultures are transferred to a cool glasshouse 
about December 15, and wheat-mosaic cultures are transferred about January 15, Since using 
this method, there have been no contaminations in the noninfested controls, and the oat plants 
have been injured by cold only in one season when temperatures were unusually low, 





Plant Culture Chambers: -- These are located out-of-doors and the temperatures are 
controlled near 60° F, Photoperiods of 8 and 12 hours have been used successfully, but 8 
hours have been used for most tests because of the convenience of covering and uncovering the 
chambers during regular working hours, 

The test plants in these chambers are grown in 3-inch, 4-inch, or 6-inch clay pots. 

Each pot is placed in a shield pot of the same size to reduce evaporation, and set in a clay 
saucer, From 1 to 6 plants are grown in each pot. Owing to the limited size of the chambers, 
the pots cannot be spaced as widely as desired, but only one noninfested control pot has be- 
come contaminated in the many tests conducted, 





Light Rooms: -- Insulated rooms cooled to temperatures near 60° F and lighted with 
fluorescent and tungsten lamps have been used to a limited extent, Leaf elongation tends to 
be excessive when the plants receive no daylight. 





Sources of Soil: -- Infested soils used in the tests were from fields in which wheat mosaic 
or oat mosaic occurred the current season. Each collection was well mixed, and stored in 














’ 
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covered pails in the laboratory or greenhouse where the processing was done, The following 
soil types were used at the stations indicated. 


Clemson, South Carolina: Lloyd's loam (wheat mosaic). 
Ditto (oat mosaic), 
One volume of moist fine-cut sphagnum moss was added to 3 volumes 
of moist oat-mosaic soil in the 19 quart soil lots to improve the 
texture, 
Urbana, Illinois: Brown silt loam (virus-free, from experimental field). 
Clark County, Illinois: Brown sandy loam (wheat mosaic), 
Ditto (virus-free from barnyward). 
Cass County, Illinois: Selma sandy loam (wheat mosaic), 


Test Plants: The following test plants were used to determine the activity of the test 
soils at the stations indicated, 


Clemson, South Carolina: Pedigreed Hardired (Str. 3) wheat 
Letoria oats, C. I. 3392 


Beltsville, Maryland: Michigan Amber wheat, C. I. 11770 
Pedigreed Hardired (Str. 3) wheat 
Red Winter spelt 


Urbana, Illinois: Illinois 2 wheat, C. I. 11537 
Brill wheat, C. I. 11853 


Pedigreed Hardired (Str. 3), Michigan Amber, and Brill winter wheats, and Red Winter 
spelt give the mosaic reaction. [linois 2 winter wheat gives the mosaic-rosette reaction. 
Hardired wheat and Red Winter spelt are adapted only to regions having relatively mild win- 
ters. Red Winter spelt is very sensitive to natural inoculation. In wheat varietal tests this 
spelt frequently has expressed mosaic when grown in soils having infestation levels so low that 
the wheats either failed to show signs or expressed only traces of mosaic (8), In comparison 
with Michigan Amber wheat grown in infested plats out-of-doors at Beltsville, Red Winter 
spelt frequently has expressed mosaic by middle and late November, whereas Michigan Amber 
wheat growing in closely adjacent rows has never expressed signs until growth is resumed in 
late winter or spring. 

Red Winter spelt has not been tested to determine if its high sensitivity may be due, in 
part, to a relatively high temperature-response characteristic, as is claimed for a rye that 
was studied by Sill (11). However, from the behavior of this spelt in relation to the wheats 
observed in field plats showing evidences of decline in their infestation levels, it is suspected 
that it may be unusually sensitive to natural inoculation, 


CHEMICAL TREATMENTS OF INFESTED SOILS 


In early studies (4) it was found that wheat mosaic did not occur after the infested soil 
was saturated with a solution consisting of 1 part formalin (40% formaldehyde), and 49 parts 
water, and allowed to aerate for 5 weeks before seeding, Johnson (1) applied chemicals to 
small samples of soil infested with wheat-mosaic virus and found that wheat mosaic was pre- 
vented when the soil was treated with adequate amounts of granulated calcium cyanide, carbon 
disulphide, chloropicrin, methyl bromide, rotenone, or naphthalene. The disease was partly 
controlled with ethylene dichloride, but not with ethyl chloride in the amount used. In the 
present study, chemicals were applied to inactivate infested soil in small experimental plots 
used for critical studies on the overseasoning of the viruses, and for determining the reduc- 
tion in yield of grain by the mosaic viruses. 

In the experiments at Clemson, 19-quart soil lots were treated in 5-gallon earthen crocks, 
and 3-quart soil lots were treated in 1-gallon covered metal sirup pails. At Urbana, 16-quart 
soil lots were processed in 10-gallon covered, galvanized steel cans, and at Beltsville and 
Clemson, 1-quart soil lots were treated in 2-quart covered glass fruit jars. 

Unless otherwise stated the treated soil lots were aerated and dried in a glasshouse or 
out-of-doors, then moistened with water, returned to the respective containers, and stored 
at room temperature until placed in the testing beds in the autumn. The soil lots were stored 
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for 2 1/2 months at Clemson and 4 1/4 months at Urbana, In all cases, nontreated soil lots 
used for control were packaged and stored with the processed soils. 


Formaldehyde: -- At Clemson, 19 quarts of moist oat-mosaic soil were puddled with a 
solution containing 1 part formalin and 49 parts tap water for 3 days. A similar check lot of 
oat-mosaic soil was puddled with tap water. In the spring, mosaic appeared in two oat plants 
growing in the formaldehyde-treated soil, and in all of the oat plants growing in the untreated 
soil. The two mosaic plants in the treated lot were close to the infested control and probably 
were infected by splash contamination, 





Chloropicrin: -- At Clemson, 3 quarts of wheat-mosaic soil were treated with 1.8 ml of 
chloropicrin for 74 hours, The chemical was placed in the center of the soil mass. In the 
spring, 20 of the 25 test plants in the nontreated infested-soil control expressed mosaic, 
whereas there was no mosaic in the 24 plants growing in the treated soil, These results a;ree 
with those reported by Johnson (1), 

At Clemson, 19 quarts of moist oat-mosaic soil were treated for 74 hours with 10 ml of 
the chemical placed in the center of the soil mass, In the spring, all of the plants in the non- 
treated, infested control expressed mosaic, whereas there was no mosaic in the plants grown 
in the treated soil, 

At Beltsville, the efficiency of chloropicrin was tested in an open bed of soil with light 
infestation of wheat-mosaic virus obtained from several sources, The chemical was applied 
with an injector set to deliver 2.8 ml with each stroke of the piston, Single-stroke injections 
were made 10 inches apart in a row; the rows were 10 inches apart, and the injections were 
made opposite the center of the inter-spaces of the adjacent row. The injector point was in- 
serted 7 inches into the soil, The soil had been prepared and moistened according to recom- 
mendations, After applying the chemical, the soil was "sealed" with water, and covered with 
tarred-felt building paper for 7 days. As soon as the soil was aerated, 10 rows each of Red 
Winter spelt and Michigan Amber were sown alternately across the bed. Both varieties had 
good stands of strong plants. In the spring, mosaic appeared in every row, from a trace to 
90 percent in the spelt rows but in traces only in the wheat rows, Larger amounts of chemical 
than those used in this test would be required for satisfactory control of wheat mosaic under 
field conditions. 





Carbon Disulfide: -- At Clemson, 3 quarts of moist wheat-mosaic soil were treated with 
50 ml of CS2 for 24 hours, In the spring, 20 of the 24 plants in the nontreated, infested con- 
trol soil expressed mosaic. No mosaic appeared in any of the 22 plants in the soil that re- 
ceived the chemical, The results are in agreement with those reported by Johnson (1), 

At Clemson, 19 quarts of air dried soil and a like amount of moist oat-mosaic soil were 
treated, each with 150 ml of CS2. The chemical was applied in 15 m1 portions to each of 10 
l-inch layers of the soil, The soil was not stirred, and was confined for 24 hours, In the 
spring, all of the plants growing in the nontreated infested control soil, 5 in the dry treated 
soil, and 3 in the moist treated soil had mosaic, 





Dichloropropene-dichloropropane (D-D) -- At Clemson, three 3-quart lots of moist wheat- 
mosaic soil were treated with 0.9, 1.35, or 1.8 ml of D-D. The chemical was placed in the 
centers of the soil mass, the soil left for 7 days in uncovered sirup pails, and then seeded 
without further aeration, In the spring, 18 of the 24 plants in the nontreated infested control 
soil expressed mosaic, whereas there was no mosaic in the 23, 27, and 22 plants growing in 
the respective lots of soil treated with D-D. 

At Beltsville, 1-quart lots of wheat-mosaic soil from South Carolina and Illinois were 
treated with D-D. In one test, 0.5, 0.75, 1.00, or 2,00 ml of the chemical were applied in 
the centers of the soil masses, and after 48 hours the lots were aerated. In the other test, 
the quantity of D-D was constant, 0,25 ml per soil lot, and there were 4 treatment times, 24, 
48, 120, and 192 hours. After aeration of each soil lot for 72 hours, the soils were moistened 
and stored in covered glass fruit jars for 22 to 28 days and then placed in spaced retaining- 
ring plats, and the seed was sown, In the spring, mosaic appeared in 100 percent and 90 per- 
cent, respectively, of the plants growing in the nontreated, infested control soils from Clemson 
and Urbana, No mosaic appeared in any of the soils that were treated with D-D, There were 
approximately 20 plants in each ring plat, 

At Clemson, 19-quart lots of moist oat-mosaic soil were treated with D-D at the rate of 
5.0, 7.5, or 10 ml applied in the center of the soil mass, The treatment continued for 7 days, 
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In the spring, mosaic appeared in all of the oat plants in the nontreated, infested soil, in 
1 plant in the soil treated with 5 ml, none in the soil treated with 7.5 ml, and in 5 in the soil 
treated with 10 ml of D-D. 


Ethyl Alcohol: -- At Clemson, 3-quart lots of slightly moist wheat-mosaic soil were 
saturated with 30, 40, 65, or 95% solutions of alcohol in water for 12 hours, In the spring, 
mosaic occurred in 13 of the 25 plants growing in the nontreated soil, infested-control soil, 
but none occurred in the 21, 25, 22, and 19 plants in the respective soils treated with the 
several concentrations of alcohol, 

At Beltsville, 1l-quart lots of air-dry wheat-mosaic soil from Clemson were saturated 
with 5, 10, 15, or 20% solutions of alcohol for 24 hours, After aeration, the soils were 
moistened with water, stored in covered glass fruit jars for 7 days, placed in spaced retain- 
ing-rings, and the seed planted. In the spring, mosaic appeared in all of the plants in the 
nontreated and in the treated soil. There were approximately 20 plants in each retaining 
ring. 

At Urbana, 16-quart lots of air-dry wheat-mosaic virus infested soil from Cass County 
and Clark County, Illinois, were saturated with 70% alcohol for 15 hours, After aeration, 
the soils were stored for 72 hours before placement in the beds and seeding, In the spring, 
in the air-dried controls, the respective percentages of plants with mosaic in the soils from 
Cass County and Clark County were 50 and 75 in the Brill wheat, and 75 and 100 in the Illinois 
2 wheat, In the latter wheat rosette occurred in 70 and 100 percent of the plants in the Cass 
County and Clark County soils, respectively. In the moist controls, the respective percent- 
ages of plants with mosaic in the soils from Cass County and Clark County were 30 and 90 in 
Brill wheat, and 70 and 98 in Illinois 2 wheat. In the latter wheat, rosette appeared in 60 and 
98 percent of the plants in the Cass County and Clark County soils, respectively, 

In the soils treated with 70% alcohol, mosaic appeared in 2 percent of the plants of Il- 
linois 2 wheat in the soil from Clark County, but there was no rosette. No mosaic or rosette 
occurred in the other soil lots. 

At Clemson, soil was treated with alcohol to determine the reduction in yield of grain 
by oat mosaic. Five 19-quart lots of slightly moist oat-mosaic soil were saturated with 
solutions of 18, 30, 40, 65, or 95% alcohol respectively, for periods of 24, 24, 18, 

18, or 10 hours, Inthe spring, mosaic appeared in all the plants in the nontreated soil. 
Mosaic appeared late in the season in 60 percent of the plants in the plat treated with 18% 
alcohol, whereas no mosaic appeared in the remaining treated plats except in 3 plants in the 
soil treated with 95% alcohol, These plants were in an outside row, and may have been con- 
taminated by splashing. 





Toluene: -- At Clemson, Beltsville, and Urbana, a total of 36 tests were conducted with 
air-dry wheat mosaic soils from the several sources under study. Lots of soil were kept 
saturated with toluene for from 1 to 116 hours. In one test at Beltsville, the air-dried soil 
was desiccated further for 20 days over calcium chloride before it was saturated with toluene 
for 116 hours. In all of the 35 tests in which aeration after treatment was complete, the 
toluene failed to control mosaic, In the nontreated, infested-control soils, mosaic appeared 
in 50 to 100 percent of the plants, In the toluene-treated soils, mosaic appeared in 70 to 
100 percent of the plants. Mosaic developed in all of the 12 plants grown in the wheat-mosaic 
soil that had been desiccated over calcium chloride before saturation with toluene for 116 
hours. In one of the tests in which aeration was not complete, the soil retained a faint odor 
of toluene when it was placed in the sirup pail in which it was stored for 2 1/2 months, The 
23 test plants grown in this soil remained free of mosaic, whereas, all of the 25 plants grown 
in the infested-control soil expressed mosaic, 


OVERSEASONING OF THE VIRUS AND NATURAL INOCULATION 


Wheat-mosaic Virus: -- Many tests have been conducted to obtain mosaic through natural 
inoculation of the wheat or spelt test plants grown in autoclaved soils with subsequent intro- 
duction of large quantities of mosaic leaf tissue, The leaves were from actively growing 
plants that had become infected from the soil, Manual inoculations of test plants with juice 
from these mosaic leaves demonstrated the presence of virus. The tissues were allowed to 
decompose in autoclaved soil at room temperature until the time for seeding in the autumn, 
Only negative results have come from these tests under conditions that did induce mosaic in 
the wheat or spelt plants that were grown in the naturally infested soil controls, 
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Tatle 1, Activity of soil-borne wheat mosaic virus in mosaic diseased 
wheat and spelt plants. Tests conducted at Beltsville, Md. 











Virus donar plants Test plants 
Method of ;Type of: No, mosaic 
inoculation:tissue : Tissue prepared in:® No. 
sassayed: inoculated 
Natural Roots Potassium phosphate (dibasic) 1% sol. 22/44 
do Leaves do do do do 21/47 
do Roots Sodium sulfite, 0.91 mol. sol. 22/46 
do Leaves do do do 25/45 
do Roots Distilled water 21/47 
do Leaves do do 20/44 
Manual Roots do do 4/57 
do Leaves do do 2/57 
do Roots do do 8/28 
do Leaves do do 5/25 
do Roots do do 20/68 
do do do do 60/130 
do do do do 32/34 





®the fresh tissues were washed thoroughly, then weighed after removing 
the excess water. The water or the solutions were added to the clipped 
tissues at the rate of 3x or 4x the weight of the tissue, followed by 
thorough grinding in a mortar, The resuiting fluid was used for inoc- 
ulum after removing the coarse material. Inoculation was by the car- 
borundum-wiping method. 


When actively growing wheat tissues, known from assays to contain active virus, were 
allowed to decompose in moist soil at room temperature, the virus was inactive when the 
partially decomposed tissues and the surrounding soil were retrieved, and assayed for bio- 
activity. When fresh virus-laden juice and finely divided tissue from the roots and also 
from the leaves of manually inoculated mosaic wheat plants were introduced into autoclaved 
soil in which young test seedlings were growing, the plants thrived and remained free from 
mosaic. In one test, freshly prepared active juice from the roots of manually inoculated 
mosaic wheat plants was poured into the culture on five occasions, From 4 to 6 ml of juice 
per plant was applied at seeding and on the 2nd, 6th, 13th, and 33rd days thereafter, The 
juice samples containing finely divided tissue were diluted with 6 parts of distilled water. 

No mosaic appeared in any of the 15 spelt plants receiving the virus-laden juice, Mosaic 
developed in 15 of the 30 spelt plants in cultures containing the roots of a previous crop of spelt 
plants that had been inoculated in the natural manner, 

Many tests with wheat or spelt grown in soil containing the roots and crowns of mosaic 
wheat plants that had been infected as a result of manual inoculation with wheat mosaic-rosette 
virus or other strains of the soil-borne viruses of wheat mosaic have produced no mosaic 
plants. Some of these tissue-charged soils have been-tested 3 successive years. 

Virus is present in the roots as well as in the leaves of mosaic wheat plants, whether 
infection results from manual or natural inoculation, Furthermore, the bio-activity of the 
virus seems to be about the same in both organs, as shown in typical tests (Table 1) involving 
virus-donor plants that were in the tillering stage. When the donor plants reach the boot 
stage, and thereafter, inoculum from the roots as well as that from the leaves is of low activity 
or it fails to infect the manually inoculated test plants. Active virus has never been detected 
in mature mosaic wheat or spelt plants. 

From results now available, it seems very doubtful if the tissues of mature mosaic- 
diseased wheat or spelt plants contain active virus. Furthermore, since active virus intro- 
duced into soil was found to be noninfectious by the time partial decomposition of the tissue 
was evident, it is unlikely that free, active virus is involved in the overseasoning and the 
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natural inoculation phenomena that occur in the field, 

To obtain additional information on these phenomena, roots and crowns from naturally 
inoculated mosaic wheat plants in the early jointing stage were collected in infested field 
plats during the spring, All except traces of the soil were washed from the roots and crowns 
by a jet stream of water. The tissues were then introduced into soil to decompose at room 
temperature until time for seeding in the autumn, Since heat is known to inactivate infested 
soil, the test soils were previously autoclaved at pressures near 15 pounds for 3 to 4 hours, 
unless stated otherwise. Storage and testing of the processed soils were the same as for the 
soil lots used in the tests with chemicals. 

By this method natural inoculation takes place and the virus overseasons in the soil. 

The results from two typical tests are presented in Tables 2 and 3. However, mosaic failed 
to appear in some of the cultures, as it has in some of the many field tests on infested soil. 

It will be observed in Table 3 that the number of mosaic plants in the cultures containing the 
washed, naturally inoculated roots and crowns greatly exceeds the number in the cultures 
containing infested soil in amounts even greater than the trace adhering to the roots and crowns 
after washing. Usually no signs of mosaic appear in the test plants when small quantities of 
infested soil are introduced into autoclaved soil, Furthermore, when test inoculations by the 
wiping method have been made with inoculum prepared from root-free infested soil taken from 
the root system of mosaic wheat or spelt plants that had been inoculated in the natural way, 
the plants have remained mosaic-free., 


DISCUSSION 


None of the tests gave results supporting the idea that some physical phenomenon in the 
soil, such as adsorption of the virus on the inanimate soil components, accounts for the over- 
seasoning, Conditions should have favored adsorption, ultimate release of active virus, and 
natural inoculation in some of the tests in which the virus was introduced before seeding of the 
test plants. Furthermore, when active virus was introduced during the early growth of the 
test plants, large quantities of it were immediately available to the roots while the plants 
were susceptible to natural inoculation and capable of expressing mosaic in the event of infec- 
tion. However, all of the plants involved in these tests remained mosaic-free, indicating that 
the mechanism for effecting natural inoculation was absent in thecultures, Therefore, it is 
concluded that overseasoning and natural inoculation involve a 3-factor system rather than the 
simple 2-factor system (host and parasite), and that this third factor is not some purely physi- 
cal soil phenomenon, 

The incidence of mosaic from natural inoculation is in those experimental cultures con- 
taining the washed roots and crowns from mosaic-diseased plants that had been inoculated in 
the natural way, and this incidence is dependent on some factor that relates more closely with 
the root and crown tissues than with the virus in the cells of these tissues or with the small 
amount of adhering soil. Furthermore, the tests reported by Webb (12), and by Koehler et 
al,, (2) strongly suggest that the third essential factor in the system is living. Starting with 
extremely small amounts of infested field soil added to steamed soil, the incidence of mosaic 
increased in the second crop in Webb's tests, and it increased progressively through the four 
crops in Koehler's tests. Furthermore, thisfactor must be very small, because natural inoc- 
ulation and mosaic occur when test plants are grown in field soil that has passed a screen 
with meshes 61 to 62 microns square, 

In microscopic studies reported by Linford and McKinney (3), it was found that lower 
fungi were consistently associated with the root cells of mosaic-diseased plants. Nematodes 
were not associated consistently. Furthermore, observations made over the years have failed 
to provide any evidence suggesting that an insect having aerial habits during part of its life 
cycle serves as a vector, 

Several varieties of wheat manifesting wide divergence in their ability to become infected 
in the field have shown very little, if any, real difference in their susceptibility when infection 
resulted from manual inoculations (8), This observation is consistent with the view that a 
vector is involved and that the high resistance in the field may be due to a vector, rather than 
to virus. 

In view of all the available evidence the pattern of study is now based on the following 
working hypothesis: 1) The third essential factor is a living vector of microscopic propor- 
tions, 2) the virus overseasons in the vector, and 3) natural inoculation of the plant is ac- 
complished by this vector. 

The methods employed in testing the vectorial potential of suspected microorganisms will 
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Table 4. Studies on natural inoculation with the soil-borne 
oat mosaic virus, at Clemson, South Carolina. 








Nature of the tissues introduced into % of plants” 
autoclaved Lloyd's Loam soil® with mosaic 
Control, no tissue introduced 0 


Fresh, washed mosaic oat leaves from plants inoculated 
naturally in field at Clemson, S,. C. 0 


Fresh, washed roots and crowns from same mosaic plants 
as above leaves, 100 


Fresh, washed roots from mosaic plants inoculated 
naturally in field at Clemson, S. C. 100 


Fresh, washed crowns from which above roots were 
removed, 10 





8Tests with 1 quart of soil in out-of-door metal ring beds. 


bLetoria winter oats; about 20 plants in each bed. 


be presented in another report. 


Oat-mosaic Virus: -- Although facilities have not permitted extensive tests with soil- 
borne oat-mosaic virus, the results of tests presented in Table 4, which were obtained by 
the same methods used with the soil-borne wheat-mosaic virus, show that the oat-mosaic 
virus does not infect the test plants when mosaic oat leaves are introduced into the soil. 
Natural inoculation occurs in the test plants growing in autoclaved soils containing the washed 
roots and crowns from mosaic-diseased oat plants that were inoculated in the natural manner 
in the field, It therefore, seems likely that the oat-mosaic virus also overseasons in a soil- 
inhabiting vector which accomplishes natural inoculation. 
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THE YELLOWS DISEASE OF PEPPER (PIPER) 
AND SPREADING DECLINE OF CITRUS | 








J. R. Christie 


In a recent report on diseases of some export crops in Indonesia, Hubert (1) makes the 
following comment: "The 'yellows disease' of pepper (Piper nigrum L. ) of unknown cause is 
of tremendous importance on the island of Banka off the east Sumatra coast. Considered by 
some workers to be caused by a nematode-fungus complex, this disease is slowly killing off 
the pepper industry. Where 22 millicn pepper 'trees' once flourished on the island of Banka, 
in 1953 it was reported that only 2 million remained," 

During 1953 the writer spent eight days on the island of Banka, August 19 to 26, inclusive. 
By means of the cooperation and transportation generously provided by Mr, Djohar Munzir, 
Chief of the local Agricultural Agency (the Indonesian equivalent of our county agent), the 
writer was able to visit many pepper gardens on all parts of the island. In Banka a planting 
of pepper is called a pepper garden and may consist of less than an acre or many acres, The 
writer can testify to the fact that the yellows disease has been a tremendous calamity to the 
people of Banka and that it is slowly but surely destroying the pepper industry. Those who 
have seen conditions on the island will find it easy to believe that 90 percent of the industry 
has been destroyed already. 

Affected pepper vines stop growing, the foliage turns abnormally yellow especially on 
young growth, and there is leaf-drop and die-back, Although not killed immediately, most of 
the vines die eventually. Pepper yellows, however, is a root disease and above-ground symp- 
toms are due to extensive destruction and disintegration of the small rootlets. 

Yellows is a spreading disease. When first noticed in a pepper garden, only a few vines 
may be affected, but the disease spreads to adjacent vines and the affected area becomes 
progressively larger until the entire garden is destroyed. 

In a desperate attempt to save at least some vestige of the industry, new plantings have 
been established in areas cleared from the jungle and well removed from all existing pepper 
gardens. Some of these experimental plantings near Paku were five years old when the writer 
visited them and at that time no evidence of the disease had been found. 

The writer did not learn when the yellows disease first attracted attention but probably it 
was at least 30 years ago, perhaps longer. During the intervening years the disease has been 
under observation and study by Dutch investigators. 

As a result of inoculation experiments and extensive field observations, van der Vecht 
(3) concluded that the yellows disease of pepper is caused by the burrowing nematode, 
Radopholus similis (Cobb) Thorne, 

Spreading decline of citrus trees presents a field picture that is essentially the same as 
that for pepper yellows. The trees stop growing, the leaves become small and sparse, and 
there is leaf-drop and die-back, Affected trees are not killed but they produce no fruit of 
commercial value. Spreading decline is a root disease and above-ground symptoms are due 
to extensive destruction and disintegration of the small rootlets. 

Spreading decline, as the name implies, is a spreading disease. It may start in a grove 
with only one or a few trees showing symptoms but will soon spread to adjacent trees, the 
decline area becoming progressively larger. As a result of their investigations including 
inoculation experiments, Suit and DuCharme (2) concluded that spreading decline of citrus 
trees is caused by the burrowing nematode, This conclusion has been extensively and con- 
vincingly corroborated by subsequent investigations, 

Incidentally, it may be worth mentioning that van der Vecht on the one hand and Suit and 
DuCharme on the other, arrived at their conclusions quite independently. Van der Vecht's 
report (3) was published apparently in 1950 but a copy did not reach us in Florida until May, 
1953. At that time the report by Suit and DuCharme (2) was already in preparation, 

The yellows disease of pepper and spreading decline of citrus are different names for 
the same disease, the only difference being that different crops are affected in different parts 
of the world, By whichever name you call it, this is an insidious, persistent and devastating 
disease, It has been demonstrated, beyond any reasonable doubt, that this disease is caused 
by the burrowing nematode, 
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~ AN IMPROVED POST BAERMANN FUNNEL TECHNIQUE 





Ms Fe Esser! 


Abstract 


Water is drawn from the Baermann funnel into the centrifuge tube and 
allowed to sediment for 15 to 20 minutes, The tube is placed under a dis- 
secting microscope; nematodes are drawn from bottom of the tube with a 
pipette and discharged onto a slide and examined directly, or a 22 x 40 mm 
cover slip is added and sealed. Excess water under the cover slip should 
be evaporated before sealing, 


INTRODUCTION 


The regulatory function of the State Plant Board of Florida, involving nursery stock, 
plant material shipped across the State line, and the importation of foreign and domestic 
plant materials into the State, incurs considerable examination of plants and associated 
plant materials for nematodes, Results of the examination may lead to financial loss, and 
can in some instances affect the State economy. 

Realizing these facts, we must be exacting in processing plant materials, identifying 
nematodes, and formulating final conclusions. A primary objective is the separation and 
microscopic observation of a maximum number of nematodes from a given sample. In ef- 
fecting this objective a method has been designed whereby most if not all the nematodes 
drawn from the Baermann funnel could be transferred to one slide and examined under all 
powers of the compound microscope. This improved method has been used with equal suc- 
cess on marine, fresh water, plant, soil and animal parasitic nematodes, 


MATERIALS AND METHODS 


A brief discussion of our Baermann technique is in order because to effect this new 
technique the water drawn from the Baermann must be relatively clear, containing a mini- 
mum of sediment. 

Two Scott Facial Tissues (size 9.75 x 8.43 inches) are used in each Baermann to 
separate the nematodes from the sieve residues, As a support for the tissues and to allow 
air to escape from the sides of the funnel a fine-mesh, conically molded, plastic screen is 
fitted inside the funnel. The water in the Baermann tube is cleared by removing water from 
the bottom of the funnel and repouring into the top until the water in the tube runs clear, 

After an appropriate time interval (24 to 36 hours) the sample is drawn off and the new tech- 
nique effected. 

Necessary equipment includes: Ungraduated centrifuge tubes (15 ml capacity), a test 
tube rack, pipette brush, No. 1 cover slips (22 x 40 mm), and one 7-inch pipette consisting 
of a 5 or 6 mm inside-diameter glass tubing drawn out over a flame to a long tapering point 
with about an opening of 0.5 mm, A 3 1/2-inch piece of rubber tubing and a pinch clamp com- 
pletes the pipette. (The rubber tubing and pinch clamp provide an ideal amount of suction, and 
facilitate cleaning the pipette. ) 


PROCEDURE 


Water is drawn from the Baermann funnel directly into the centrifuge tube, which is then 
labeled and placed in the test tube rack, After 15 or 20 minutes most if not all of the nema- 
todes in the centrifuge tube will have sunk to the bottom, appearing as a small mass of white 
debris in the cone of the tube. One or 2 inches of water are drawn from the tube to prevent 
overflow when the pipette is inserted. The cone of the centrifuge tube is now placed under the 
lowest power field of the dissecting microscope, and the nematode mass is brought into focus, 
The pipette is now inserted until its tip lies just above the nematodes, Pressure is released 
by the clamp until all or most of the nematodes are taken up into the pipette, The contents of 
the pipette are discharged on a standard slide and are ready for analysis. 





1 Assistant Phytonematologist, State Plant Board of Florida, Gainesville, Florida, 
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If dead nematodes are desired, afewdrops of formalin may be added to the centrifuge 
tube a few minutes prior to removing the nematodes; or, the tube may be placed in warm 
water to relax the nematodes, 

The large drop of water on the slide may be handled two ways: 


1) The cover slip is dropped in place and sealed for examination of all nematodes on the 
slide, at all powers of the compound microscope, 

2) If the search is for a specific nematode, or perhaps only for pathogenic forms, the 
slide is placed directly under the low power of the compound microscope, and the drop of 
water methodically examined. If the search is negative, the mount may be discarded with 
little time lost in the overall handling. If the examination is positive, the nematodes may be 
transferred from the drop of water to a new slide, or the entire slide may be covered as in 
the first alternative, 


Many times an excess of water is present under the large coverslip. This is evaporated 
by placing the slide under a desk lamp with a 50 to 75 watt bulb for a few minutes, 

Using filter paper to remove the excess water has been tried, but is a poor practice since 
it also removes nematodes, 


DISCUSSION 


The following are special cases in which the method was used to great advantage: 

1) Large numbers of second-stage Radopholus similis larvae were to be measured and 
studied. Incubated roots were washed and placed in Baermann funnels, The contents of the 
funnel were collected into a large container, and the volume reduced by passing them through 
a Biichner funnel, using a suction pump, The nematodes then were removed from the Buch- 
ner funnel, and transferred to a Syracuse watch glass, Five or six second-stage larvae were 
picked out and placed on a slide for study. This manner of selecting 200- to 350-micron 
nematodes from a large and mixed population proved difficult and time-consuming. In con- 
trast, by using the improved technique, slides were produced with 300 to 500 second-stage 
larvae per slide in excellent condition. 

2) Actual numbers of infective root-knot nematode larvae (Meloidogyne sp.) were to 
be counted from measured soil samples from treated and untreated plants. The new method 
was followed, The root-knot larvae were counted swiftly with a high degree of accuracy, at 
100 magnifications of the compound microscope using a bank counter and the mechanical 
stage. 

3) In first-phase pathogenicity experiments involving Meloidodera floridensis, infective 
larvae were to be counted from soil samples and incubated roots. The counts were made on 
living larvae (no other pathogenic nematodes were present) after which the counted nematodes 
were washed from the slide into a vial, and the sum recorded, When 1000 larvae were ap- 
proximated the vial was used quantitatively to inoculate a single pine seedling. 

4) Pathogenic nematode genera previously unrecorded in Florida were found, which, 
might have been undetected by other means of processing, (Example: Cacopaurus sp. ) 

5) A male nematode was required to complete information on a new dimorphic genus. 
The ratio was found to be about 1 male to 1000 larvae. The improved method located the 
male and expressed the ratio. 

6) In numerous Plant Board examinations of a regulatory nature where parasitic nema- 
tode detection has been of extreme importance, and yet nematodes in the dish were so abun- 
dant that detection of the parasitic forms was difficult and in some cases inconclusive, the 
improved method demonstrated parasites where the author believes hand and visual selection 
would have failed. 











CONCLUSIONS 


An improved method has been evolved by which the greater part of the nematodes coming 
from the Baermann funnel may be concentrated and viewed on a single slide. The method has 
proven very useful in quarantine and experimental work, and in taxonomic studies. Its use 
may prove tedious and time-consuming to the novice, With practice, however, samples can 
be handled just as rapidly as by the older, more conventional methods, with the difference of 
extracting a more comprehensive and complete result from a sample. 

STATE PLANT BOARD OF FLORIDA, GAINESVILLE, FLORIDA 
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/ NEMATODE CONTROL IN POTTED ORNAMENTALS WITH V-C 13 NEMACIDE! 


r 4 





V. H. Young, Jr., A. M.\ Somerville, Jr., and J. L. Carnes? 
Abstract 


V-C 13 Nemacide controlled root-knot, spiral, and meadow nematodes 
when applied at the rate of 5 ml per cubic foot of soil to potted boxwood, Japan- 
ese holly and privet plants held in the greenhouse, Plant response was obtained 
with soil-drench and soil-mix applications but counts showed better nematode 
control with the soil-mix treatment. There wes no evidence of phytotoxicity 
even though in some instances V-C 13 was appiied at three times the 5 ml rate, 


EXPERIMENTAL PROCEDURE 


Greenhouse potting soil, heavily infested with root-knot (Meloidogyne spp.), true spiral 
(Helicotylenchus spp, ), and meadow (Pratylenchus spp.) nematodes, was uniformly mixed 
for use in this experiment. Be2re-root liner stock plants of three broadleaf ornamentals, 
boxwood (Buxus sempervirens var. suffruticosa), Japanese holly (Ilex crenata var. convexa) 
and privet (Ligustrum lucidum), were employed. 

V-C 13 Nemacide was applied as a soil drench or as a soil mix. Each treatment was 
replicated five times for each of the three test plants. The plants were transplanted singly 
into 6-inch clay pots. 

The treatments were as follows: 














1. V-C 13 was mixed with soil at the rate of 5 ml in 1 quart of water per cubic 
foot of soil, Plants were transplanted into treated soil held in 6-inch clay 
pots 2 weeks after treatment, 

2. V-C 13 was applied as a drench to the soil at the rate of 5 ml in 1/2 gallon 
of water per cubic foot of soil immediately after transplanting the plants. 

3. V-C 13 was applied as a transplant drench at the rate of 5 ml in 1/2 gallon 
of water per cubic foot of soil. About 2 inches of soil was placed in the 
pot and one-third of the drench solution was applied. After the plant was 
placed in the pot, and its roots covered with soil, the second one-third of 
the drench solution was applied. The pot was filled within 1 inch of the 
top with soil, and the remaining one-third of the drench solution was applied. 

4. V-C 13 was applied as a drench at the rate of 5 ml in 1/2 gallon of water 
per cubic foot of soil once a month for 3 months. 

5. V-C 13 was applied as a drench at the rate of 2.5 ml in 1/2 gallon of water 
per cubic foot of soil once a month for 3 months, 

6. Untreated Control. Tap water was applied as a drench at the rate of 1/2 
gallon of water per cubic foot of soil. 


After treatment, all plants were placed in the greenhouse where they received normal 
care for the duration of the experiment, 


EXPERIMENTAL RESULTS 


Nematode control was determined by root-knot index where possible and by actual 
nematode counts from soil and root samples. The root knot index was based on a scale of 
0-4, "0" equals no galling and a "4" equals severe galling. Nematode counts were ob- 
tained by averaging five samples from each replicate. A modified Baerman funnel technique 
was used to obtain the nematodes from the soil and roots. 

Nematode control data were taken for the boxwood 13 months following treatment, for the 
Japanese holly 14 months following treatment, and for the Ligustrum 15 months following 





1 A product of the Virginia-CarolinaChemical Corporation, Richmond, Virginia; an emulsifiable 
concentrate containing 75% of O-2, 4-dichlorophenyl O, O-diethyl phosphorothioate. 

2 Research and Development Department, Virginia-Carolina Chemical Corporation, Richmond, 
Virginia, 
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FIGURE 1. Japanese holly 
(Ilex crenata var, convexa), 
Plant photographed 13 months 
after treatment, 





V-C 13 DRINCH 13 MO 





FIGURE 2. Japanese holly 
(Ilex crenata var. convexa). 
Plant phtographed 13 months 
after being potted. 








FIGURE 3, Japanese holly 
(Ilex crenata var, convexa), 
Plant photographed 13 months 
after treatment, 
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FIGU RE 4, Japanese holly 
(Ilex crenata var, convexa), 
Infested soil in pots Al treated 
with V-C 13 drench immediately 
after transplanting. A2, 
untreated, A3, infested potting 
soil treated with V-C 13 two 
months after treatment, 





FIGURE 5. Japanese holly 
(Ilex crenata var, convexa), 
Plants photographed 13 months 
after treatment, 











FIGURE 6, Japanese 


as holly (Ilex crenata var, convexa). 
UNTREATED }3 MO) " Plants photographed 13 months 
. : 4 after being potted, 
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FIGURE 7. Japanese holly 
(Ilex crenata var, convexa). 
Plants photographed 13 months 
after treatment, 





FIGURE 8, Japanese holly 
(Ilex crenata var.convexa). No, 1, 
root growth of plant grown in soil 
with V-C 13 two weeks prior to 
transplanting. No, 2, untreated, 
No, 3, root growth of plant in 
soil treated with V-C 13 drench 
immediately after transplanting. 
Plants photographed 13 months 
after treatment, 








FIGURE 9. Privet 
(Ligustrum lucidum), Al, treated 
with V-C 13 drench immediately 
after transplanting, A2, un- 
treated. A3, infested potting 
soil treated with V-C 13 two 
weeks before transplanting. 
Plants photographed 13 months 
after treatment, 
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treatment, 

Boxwood growth was poor in this experiment; therefore, growth response to the treat- 
ments was inconclusive. A visual examination of boxwood roots revealed no root-knot infec- 
tion, Nematode counts for soil and root samples showed that only the meadow nematode had 
developed on the boxwood roots (Table 1). All V-C 13 treatments gave control of the meadow 
nematode, while some V-C 13 treatments gave excellent control, 

The growth response of the Japanese holly plants to the V-C 13 treatments was very 
pronounced (Figures 1, 2, 3 and 4), Root-knot damage was so severe on the untreated con- 
trol plants that two died. The root growth of the V-C 13 treated plants was significantly 
better than that of the control plants (Figures 5, 6, 7 and 8), Plants that received a single 
drench application of V-C 13 immediately after transplanting had a secondary root system 
free from root knot. The main lateral roots had a few galls as a result of root-knot larvae 
entering these roots before V-C 13 had effected control, Examinations of some of these 
galls revealed no egg masses and only a single male specimen of the root-knot nematode, 
The root knot counts were quite low for the soil and root samples from the check plants. 
Undoubtedly, the severe initial root knot development on these plants prevented the growth 
of roots on which the nematodes cou ed and reproduce, 

As shown by the root-knot index and the nematode counts (Table 2), both root knot and 
spiral nematodes were controlled in this phase of the experiment, 

Privet plants responded to nematode control with V-C 13, but to a lesser degree than 
the holly plants (Figure 9). Because of a lack of galling on the check plants a root index was 
not made, However, nematode counts for soil and root samples showed control of root-knot, 
spiral, and meadow nematodes (Table 3). The degree of control varied with the application 
method and the nematode species. 
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FUNGICIDE CONCENTRATES APPLIED BY HELICOPTER 
TO CRANBERRY BOGS IN MASSACHUSETTS 1 








Bert M, Zuckerman2 


Summary 


Over a two-year test period fungicides applied by helicopter at concentrations 
of 33X and 23X gave control of cranberry rots comparable to that from fungicides 
applied by ground equipment at standard concentrations, Premixing of the spray 
in a tank equipped with a mechanical agitator, prior to introduction of the mix 
into the tanks of the helicopter, served to eliminate nozzle clogging. The re- 
duced cost of applying concentrates and other factors in favor of their use will 
facilitate the use of a disease control program by cranberry growers in Mas- 
sachusetts. 


INTRODUCTION 


Field and storage rot is the most important pathological problem relating to cranberries 
in Massachusetts. The recommended program for control of these rots is reasonably ef- 
fective and usually results in economic gain to the grower. A survey of the cranberry in- 
dustry in 1946 indicated that only 50 acres of the 15,000 acres in production at that time 
received fungicide treatment, Today a slightly greater area is treated, but it is doubtful 
whether this totals more than 6 percent of the acreage under production, 

Ground spraying with hydraulic equipment is the only method of applying fungicides 
currently recommended by the University of Massachusetts. Cost of application, difficulty 
in obtaining labor, inability to spray large areas in compliance with spray timing requirements, 
and the popular feeling among growers that trampling and dragging hose over the bogs does 
harm to the vines comprise the principal reasons for grower resistance to the disease control 
program, It was with these problems in mind that an experimental program of air application 
of fungicide concentrates was initiated in the spring, 19553, 

Wilcox (3), 1947, treated cranberries for rot control with a Fermate-in-oil spray applied 
by airplane. In these experiments, concentrations of 1 pound Fermate/ 1 gallonoil/6 gallons/ 
acre gave very poor rot control, and a reduction in berry size was recorded. Wilcox stated 
that the reduction in berry size could be attributed to either the oil, or the Fermate, or both, 
Under the conditions of this experiment, concentrations of 1 pound Fermate per gallon clogged 
the nozzle outlets. 

Potts and Spencer (2) performed experiments in which an air-blast spraying apparatus 
was attached to a helicopter to deliver insecticide concentrates, They noted that helicopter 
spray applications using a standard boom gave droplets 200 to 300 microns in diameter, 
whereas the air-blast sprayer gave droplets with an average diameter of 35 microns, 

Wilson, Sleesman and Henry (4) reported on the use of zineb at concentrations as high 
as 30X applied by a straight-winged air-craft. In these experiments fungicide-insecticide 
combinations were used for potato insect and disease control. The insecticides were ex- 
tremely effective; however, assay of the effectiveness of the fungicide was not possible be- 
cause of low disease incidence on the control plots. 

At the inception of the program, dust formulations were used in addition to the concen- 
trate formulations reported herein. The dust program gave extremely erratic results and 
these are not included in this paper. 


MATERIALS AND METHODS 


1955 Experiments: -- Ferbam and zineb were applied as spray concentrates on areas of 








1 ContributionNo, 1094 of the University of Massachusetts, College of Agriculture, Agricultural 
Experiment Station, Amherst, Massachusetts. 

2 Station Pathologist, Cranberry Experiment Station, East Wareham, Massachusetts. 

3 The author wishes to thank Wiggins Airways, Norwood, Massachusetts, for supplying the 
helicopters used in these experiments, and the Eastern States Farmers' Exchange, East Spring- 
field, Massachusetts, for supplying the fungicides and other chemicals. 
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FIGURE 1. Helicopter of the type used in these 
experiments applying pesticide concentrate to cranberry bogs. 


the State Experimental Bog, East Wareham, Massachusetts. Ferbam was applied to an area 
of 30,000 square feet, and zineb to an area of 24,000 square feet. The controls comprised a 
series of unsprayed areas contiguous to the sprayed plots. Due to conditions beyond the con- 
trol of the experiment, the area treated with ferbam, and adjacent areas, did not produce a 
large enough crop to get adequate disease data, 

The first spray was applied on June 21 when the cranberries were about 5 percent in 
bloom (this estimate was arrived at by counting the number of opened blossoms as opposed 
to unopened ones), and a second spray was applied 9 days later. These applications were 
timed in accordance with current spray recommendations. All sprays were applied between 
5 a.m. and 7:30 a.m. on days when wind velocity was estimated to be below 6 miles per 
hour. Sprays were applied at the rate of 13 pounds fungicide/13 gallons water/acre. This 
represents a 33X concentration. Mixing was accomplished by placing 3 pounds fungicide in 
3 gallons water and stirring with a stick until a homogeneous mixture was obtained. This 
solution was poured into the spray tank of the helicopter and the process repeated until the 
desired amount of spray had been mixed, Triton B-1956, a spreader-sticker, was then added 
at the rate of 4 ml per gallon of concentrate. The spreader-sticker and the concentrate 
were mixed by agitation supplied within the tanks of the helicopter. 

The spraying ¢quipment of the helicopter consisted of two 50-gallon tanks, each of which 
fed into a boom equipped with 12 nozzles (Fig. 1). Length of each of the two booms was 11 
feet. A bypass provided agitation for the mixture. The nozzles were diaphragm T-Jets, ori- 
fice diameter . 063 inches (Spraying Systems Co., Bellwood, Illinois), The nozzles were 
arranged at right angles to the ground, pointing downwards. This system was calibrated to 
deliver 5 gallons per acre, Since 13 gallons per acre were applied in these tests, each ap- 
plication required two passes with some overlapping of the swathes. Applications were made 
from a height of about 10 feet, and swathe width was about 36 to 40 feet. The spray pump 
developed a pressure of 50 pounds, and delivered 0.33 gallons per minute per nozzle, or a 
rate of 8.0 gallons per minute. The helicopter flew at 25 to 30 miles per hour (ground speed) 
while applying sprays. The same equipment was used to perform the 1956 experiments, 

During the spraying operation observations were made of coverage by holding foot-square 
pieces of paper at ground level as the helicopter passed overhead. Some of these samples 
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Table 1, Field and storage rot of cranberries from plots treated with zineb 
at 33X concentration and on untreated plotsab, 








Treatment : Field rot : Storage 5 weeks : Storage 10 weeks : Total 

: : : loss 

Sprayed 4.3 3.2 6.1 13.6 
Not sprayed 11.0 7.6 8.8 27.6 





@ The concentrate was applied at the rate of 13 lbs. zineb/ 13 gallons water/acre. 
b 1955 tests, 


were taken directly under the line of flight and some were taken under the boom tips. Fol- 
lowing the operation, the leaves and flowers of the cranberry vines were examined and visi- 
ble amounts of spray were noted. Records were made of light, medium, and heavy deposits. 
A heavier dosage of fungicide than is currently recommended was used in these experiments. 
For this reason, samples were collected at harvest for residue analysis, Each residue 
sample was a composite of 10 smaller samples picked at random from the test area. 


1956 Experiments: -- Zineb was applied as a spray concentrate to three cranberry bogs 
located near East Wareham, In each plot 5 control blocks 25 square feet in area were estab- 
lished, Prior to each application the control areas were covered with plastic covers which 
were securely tied to stakes placed at the corners of the areas. Immediately following the 
spray operation the covers were removed, 

Data pertaining to the 1956 experiments are given in Table 2. Spray applications were 
made at intervals of 15 days. As indicated in Table 2, the rate of fungicide application was 
9 pounds per 13 gallons water per acre, as opposed to a rate of 13 pounds per 13 gallons 
water per acre in the 1955 test. This represents a concentration of 23X. Triton B-1956 was 
added at a rate of 4 ml per gallon of concentrate, 

Sprays were premixed for 10 minutes in a 100-gallon.tank equipped with a paddle-type, 
mechanical agitator, The mix was then pumped into the tanks of the helicopter, The outlet 
valve of the premixing tank was equipped with a 1/32-inch strainer through which the con- 
centrate passed during delivery to the helicopter, This strainer was examined following sev- 
eral of the treatments, and in no case was it found to be clogged. This strainer undoubtedly 
served to break up larger particles in the concentrate, 

Samples were taken at harvest from each of the control plots in each area and from 
contiguous plots which contained sprayed berries. An area of 9 square feet was harvested 
in each case and data gathered on field rot, storage decay, size of berries, weight of berries 
and number of berries. Observations pertaining to coverage were made in the same manner 
as those in the 1955 tests. 





RESULTS 


1955 Experiments: -- Cranberries were generally of poor quality in Massachusetts in 
1955. A survey, in which 20 bogs were sampled, indicated that 14.5 percent ofthe cranberries 
of the Early Black variety rotted in the field, and an additional 17.0 percent decayed over a 
10-week period under common storage conditions. The sum average of 31.5 percent rotted 
prior to processing as fresh fruit or as canned sauce. As noted in Table 1, the bog on which 
the helicopter experiment was run bore better than average quality berries. 

' The concentrate was judged to give excellent coverage of the berries borne on the upper 
portions of the vines and fair coverage of berries borne on the lower portions of the vines. 
Good coverage of the lower berries is difficult to attain with ground spray equipment, Dis- 
tribution of the fungicide was fairly even; in this respect it should be noted that the helicopter 
made two passes over each swath, Analysis of fungicide residues at the time of harvest 
tended to support these observations, for more residue was found on berries treated by the 
aerial concentrate than on those treated with the ground spray program, Residues, in both 
cases, were well below the limits set by federal regulations. 

Measurements of particle size taken from sheets of paper held at ground level directly 
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under the line of flight of the plane and at ground level directly under the boom tips, showed 
that spray particles ranged from 50 to 1,000 microns in diameter, the average droplet being 
400 microns in diameter, It is recognized that the value of these figures is limited, since 
they represent only two samples of a cross-section of the flight swath, The spray was de- 
posited as a fine spatter. Runoff did not occur at these concentrations, Potts (1) in report- 
ing work done with air-applied insecticide concentrates, stated that droplets should be 70 to 
100 microns in diameter in level agricultural areas, The 1956 experiments were aimed at 
reducing particle size and obtaining droplets of more uniform size, It is probable that sub- 
sequent washing of the fungicide by free water accounted for more complete coverage of the 
flower and berry surfaces, 

Following each application the spray nozzles were examined, After the first applica- 
tion 5 of the 24 nozzles were plugged by the fungicide, and following the second application 
14 of the 24 nozzles were plugged. Since only 1-1/4 acres had been treated, it was apparent 
that the use of the concentrate would have no practical value unless the plugging of the nozzle 
orifices was eliminated. 

The spray tanks were completely emptied after each treatment and no fungicide sediment 
was found on the bottoms of the tanks. The absence of sediment indicated that the action of 
the by-pass valve prevented settling. 

Frequent observations made during the weeks following the application of the concentrate 
indicated that there was no burning of flowers or foliage under the conditions of this experi- 
ment, 

The amounts of field and storage rot which occurred on the plots treated with the concen- 
trate as compared with control plots are given in Table 1, 

The 7.7 percent reduction in field rot represented a net gain to the grower of $30 per 
acre. This figure was based on a crop estimate of 60 barrels per acre (a heavy crop is 
considered to be 100 barrels per acre and over), The reduction in storage losses further in- 
creased the significance of the disease control program, though with the present system of 
marketing these losses generally are absorbed by large processors, and are reflected in- 
directly through lowered returns to the growers. 


1956 Experiments: -- Berry coverage by the fungicide during the 1956 experiments ap- 
proximated that of the 1955 experiment. At the concentration of 9 pounds zineb/13 gallons 
water/acre, runoff did not occur, Particle size was slightly smaller and more uniform than 
at the concentrations used in 1955. Droplets ranged from 50 to 640 microns, with an average 
of approximately 380 microns, 

Examination of the helicopter rig following the application of the fungicide to the three 
plots, which comprised a total area of 6 acres, indicated that settling had not occurred, and 
not a single nozzle orifice was clogged. The elimination of clogging was attributed to the 
premixing of the spray prior to introduction of the mix into the helicopter tanks, 

As in the 1955 tests, the concentrate did not cause burning of cranberry flowers or 
foliage. 

Berry yields, on a weight basis per unit area, averaged 26 percent higher on areas 
treated with two spray applications than on control areas, Yields on areas treated with three 
applications of the concentrate were 8 percent less than on unsprayed control areas. Berry 
size was not affected by the two-spray program; however, three sprays brought about a 4 per- 
cent reduction in fruit size, With the exception of the 26 percent increase in yield which ac- 
companied the two-spray program, these results are in accord with results of tests from 100 
ground spray plots. Zineb, applied with ground equipment, gave an average increase in yield 
of 8 percent, 

The increased berry yield which accompanied use of the two-spray program may be due 
to the control of certain fungi which attack the flowers. This is unsubstantiated, and further 
evidence is needed to define the status of the so-called "blossom-blast", 

The decrease in berry size associated with the three-spray program was consistently 
observed in programs in which ground equipment was used to apply three sprays. Tests will 
be run for several years to substantiate these results, 





CONCLUSIONS 


The work reported herein has been aimed at formulating a practicable and efficient pro- 
gram for the application of fungicide concentrates to cranberry bogs. It is possible that these 
methods may prove applicable to other crop plants, 
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On the basis of 2 years' field trials the concentrate program has proved superior in 
several respects to a program in which standard dilutions were used, 


1) A 33 percent reduction in cost of application. 

2) Reduction of labor problems in carrying out the program. 

Five men cover approximately 8 acres a day with ground equipment, The 
helicopter can cover 100 acres a day and the grower need supply only one 
man to premix the concentrate, 

3) Large acreages can be sprayed in a short time to comply with timing 
requirements, 

4) Trampling and dragging of hose over the vines have been eliminated. 

5) These fungicide concentrates can be combined with most insecticide con- 
centrates. The application of insecticides to cranberries has been pre- 
dominantly through the air for the past several years, The combination of 
fungicides and insecticides will enable the grower to apply a portion of the 
cost of carrying out a disease control program to the cost of his insect 
control program, 


Concentrates gave comparable disease control to sprays applied at standard dilutions. 
Concentrates did not harm the vines or flowers. Grower interest in the concentrate program 
has been reflected in the wishes of several growers to try the program on an experimental 
basis. The results of another year's experiments will be evaluated prior to the proposal of 
formal recommendations for the use of fungicide concentrates on cranberries. Plans of next 
year encompass the use of straight-winged aircraft inthe application of fungicide concentrates 
and the exploration of the possibility that fungicides can be applied at concentrations greater 
than those used in the experiments reported in this paper. 
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PREVENTION OF DECAY OF PEACHES WITH POST-HARVEST TREATMENTs!: 2 





G. R, DiMarco and B. H. Davis 


Summa ry 


Several chemicals were tested in 1955 to determine their value in 
controlling brown rot of harvested peaches caused by Monilinia fructicola 
(Winter) Rehm, The fruit was inoculated, incubated for 3 hours, and 
dipped in the chemicals. Mycostatin (Nystatin), a broad spectrum, antifungal 
antibiotic used in human therapy, and Dowicide A-M245 (sodium o-phenyl- 
phenate) gave the best results. These two materials were tested again in 
1956 in a hydrocooler on field-run peaches of the variety in season, Both ma- 
terials gave substantial reduction of brown rot and Rhizopus rot. Mycostatin 
gave better results than Dowicide in most of the tests. 








A series of tests were conducted during the 1955 and 1956 peach seasons using chemical 
dips for the control of decay of harvested fruit. Several chemicals were screened in 1955, 
using peaches inoculated with Monilinia fructicola (Winter) Rehm. Mycostatin3 and Dowicide 
A-M245, the two most promising materials in these preliminary tests, were further tested 
in 1956 in a hydrocooler using uninoculated, field-run peaches of the variety in season, 





1955 Tests 


In the 1955 tests, peaches were inoculated with a heavy spore suspension of Monilinia 
fructicola, incubated for 3 hours under optimum conditions, and dipped for 1 minute in various 
chemicals. The spore suspension was standardized on the basis of cloudiness, and a small 
amount of Triton X-100, a nonionic agent, was added to prevent clumping of spores. The 
amount of the suspension, applied with a hand sprayer, was sufficient to moisten thoroughly 
the entire peach surface, The same number of spray strokes was used for each peach, 

The 3-hour incubation period was selected as a result of a preliminary experiment in 
which the inoculated peaches were held for 3, 12, and 24 hours in a moist chamber before 
treatment. Almost 100 percent rot occurred when a 24-hour incubation period was used. In 
the 12-hour incubation period there were from two to four times as many diseased fruits as 
in the 3-hour incubation period. Under less favorable conditions for decay and with less inocu- 
lum, better results might be obtained with incubation periods longer than 3 hours, 

Concentrations and chemicals tested and the concentrations selected for further trials 
are given in Table 1. Triton X-100 at the rate of 0.5% of the test chemical was added to those 
chemicals which did not wet the fruit thoroughly in 1 minute, 

The peaches were stored with and without refrigeration. Data were taken on the number 
of diseased fruit at the end of specified storage periods. Any fruit with a visible lesion, 
regardless of size, was counted as a diseased fruit, 

A series of five tests with the five materials and concentrations indicated in Table 1 were 
conducted on the variety of peach in season, Inoculated water-dipped and uninoculated dry 
peaches served as checks. Results are given in Table 2. 

Mycostatin, 100 ppm, and Dowicide A-M 245, 1000 ppm, gave the best results in screen- 
ing tests, Statistically significant differences at the 5% level were obtained. In each of the 
16 lots of data of the 5 series given in Table 2, Mycostatin was significantly better than the 
water check in all 16 lots, better than the dry check in 15 of the 16 lots, and better than all 
other materials except Dowicide in 9 of the 16 lots. Dowicide was significantly better than 
the water check in 15, better than the dry check in 8, and better than all other materials ex- 








. Paper of the Journal Series, New Jersey Agricultural Experiment Station, Rutgers University, 
the State University of New Jersey, Department of Plant Pathology, New Brunswick, 

2 This work was conducted with the cooperation of the Department of Food Technology and Agri- 
cultural Economics, 

3 Mycostatin supplied by E. R. Squibb and Sons. 
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Table 1. Chemicals and concentrations tested in 1955. 








Chemical ppm active material 
Captan 600, 1200," 2h00 
Sodium hypochlorite 200 
Dowicide A-M2)5 500, 1000 
Keepsit® 20% solution 
Mycostatin 50, 100°, 200 
Peracetic Acid 1000 
Pyridinethione (NaSalt) 250, 500, 1000°, 1500 
Sorbie Acid 2500, 5000? 
Tertiary Butyl Hydroperoxide 500, 1000, 5000, 10,000 
Cumene Hydroperoxide 250, 500, 1000, 5000, 10,000 
Dithane D-1 2500, 5000 





a Recommended dosage of material - not ppm of active material. 
b Selected for further trials. 


cept Mycostatin in 5 of the 16 lots of data. The values of the treatments are also indicated in 
Table 2 in which the range of percent and average percent disease are given. 

Dithane D-14 gave injury atconcentrations effective incontrol. Captan (50% wettable 
powder) was relatively ineffective and gave a visible residue. Sorbic acid, formulated by 
dissolving the acid in methyl alcohol, adding a wetting agent, and then pouring rapidly into 
water to give a fine precipitate, gave very poor control. The sodium salt of pyridinethione 
was the least effective of materials selectedfor further trials, 


1956 Tests 


Mycostatin, 100 ppm, and Dowicide A-M 245, 1000 ppm, which gave tHe best results in 
1955, were selected for use in a 25-cubic foot pilot scale hydrocooler in 1956, Five tests 
were conducted on the variety in season, Three bushels of uninoculated, field-run peaches 
were used in each treatment, The peaches were treated for 20 minutes at 32° F. One bushel 
was held at room temperature under a tarpaulin and inspected for rots (brown rot and Rhizo- 
pus rot) every 2 days and the rotted peaches removed, The second bushel was held unopened 
under the tarpaulin until a substantial amount of rot was evident, The third bushel was 
refrigerated and inspected at 5-day intervals. Rotted peaches were removed after each in- 
spection, Facilities did not permit replicate bushels. The results are given in Tables 3, 4, 
and 5, ‘ 

Results in 1956 showed a substantial reduction of brown rotvand Rhizopus rot with Myco- 
statin and Dowicide in most of the tests. Each lot of peaches used in the five tests repre- 
sented a different variety exposed to different field conditions and amounts of inocula, The 
Mycostatin gave better results than Dowicide in most of the tests, Although the percentages 
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Table 3. Percent diseased peaches treated with Mycostatin and 
Dowicide in hydrocooler and held at room temperature 
(inspected 48 hour intervals). 











Series Storage Diseased Peaches 
Number Period Mycostatin Dowicide Hydro Check Dry Check 
Days L % % t 
1 4 68 51 94 64 
2 4 21 n bh 22 
3 4 18 -- 55 16 
4 4 5 8 21 20 
h 6 18 26 Sh 58 
5 4 15 13 56 34 
5 6 3h 60 8h 60 
Average 26 32 62 Ls 





&@ Dowicide not used in series 3, 


Table 4. Percent diseased peaches treated with Mycostatin and 
Dowicide in hydrocooler and held at room temperature 











(unopened). 
Series Storage Diseased Peaches 
Number Period Mycostatin Dowicide* Hydro Check Dry Check 
Days i £ t £ 
1 4 49 76 91 70 
2 4 10 6 32 25 
3 4 5 -- 81 22 
4 6 13 20 81 85 
5 6 40 72 98 7h 
Average 23 43 77 55 





a Dowicide not used in series 3. 
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Table 5. Percent diseased peaches treated with Mycostation and 
Dowicide in hydrocooler and held at 42° F and inspected 
at 5-day intervals. 











Series Storage Diseased Peaches 
Number Period Mycostatin Dowicide® Hydro Check Dry Check 
Days z % % % 
1 10 9 13 25 8 
a 15 22 36 70 28 
2 15 9 10 21 18 
2 20 13 28 51 27 
3 10 0 _ 30 1» 
3 0 - 73 39 
3 20 0 ai 89 77 
4 15 9 9 70 4s 
4 20 18 18 97 66 
5 10 6 6 25 16 
5 15 15 21 79 5k 
5 20 21 32 93 83 
Average 10 19 60 39 





@ Dowicide not used in series 3. 


of brown rot and Rhizopus rot are not shown separately in the tables, the two rots were con- 
trolled equally well with Mycostatin. Small scale tests showed that 9 repeated dippings in 
Mycostatin over a 24-hour period did not decrease its effectiveness. Mycostatin is a broad- 
spectrum, relatively stable, antifungal antibiotic used in human therapy. Its use on food 
products has not been approved, 


NEW JERSEY AGRICULTURAL EXPERIMENT STATION, RUTGERS UNIVERSITY, 
THE STATE UNIVERSITY OF NEW JERSEY, DEPARTMENT OF PLANT PATHOLOGY, 
NEW BRUNSWICK 














Vol, 41, No, 4--PLANT DISEASE REPORTER--Apr. 15, 1957 289 


¥ CONTROL OF PEACH LEAF CURL, WITH OMADINE AND OF 
BROWN ROT WITH OMADINE AND CERTAIN ANTIBIOTICS! 
m™ 








Michael\Szkolnik and J. M. Hamilton? 


Summary 


The iron salt of 2-pyridinethione 1-oxide (Omadine 1565) compared 
favorably with liquid lime sulfur, the dinitros, and ferbam in the control 
of peach leaf curl in both fall and spring applications. The zinc salt of 
Omadine (OM 1563) was at least as effective as captan for the control of 
brown rot on peaches when applied as a pre-harvest spray. One pre- 
harvest spray of OM 1563 1-100 or Captan 50W 2-100 was equivalent to 
three applications of Micronized sulfur 4-100 or Thioneb 1 1/4 - 100. 
OM 1563 1-100 was consistently superior to Micronized sulfur or captan 
in dip treatments. Mycostatin, fungichromin and oligomycin were 
equally as effective as the OM 1563 at concentrations of 100 and 200 ppm. 


PEACH LEAF-CURL 


The Omadine experimental fungicide OM 1565, a 50% wettable powder formulation of the 
iron salt of 2-pyridinethione l-oxide, at 1-100 was compared with the standards bordeaux 
mixture, Fermate, Elgetol, Dn#2, and lime sulfur, in fall and spring dormant applications 
for the control of peach leaf curl (Taphrina deformans (Berk.) Tul.), Also evaluated for the 
first time were Thioneb, Thylate, and Vancide A which were included in the spring dormant 
application. 

OM 1565 gave nearly complete control of leaf curl on the Sunhigh, Triogem, and Hale 
Haven peaches in both fall and spring applications, not unlike that of all the standards with 
the exception of bordeaux mixture (Table 1), The fall application of bordeaux mixture, es- 
pecially the 5-5-100, was weak on control, particularly on the varieties with a higher inci- 
dence of infection. 

Thylate and Vancide A tested in the spring dormant spray on Kalhaven gave equally sat- 
isfactory control of leaf curl whereas the Thioneb applied at the same time failed to control 
the disease. 





PEACH BROWN ROT -- PRE-HARVEST SPRAYS 


Micronized sulfur, Captan 50W, and Thioneb were comparatively evaluated for the con- 
trol of brown rot, Sclerotinia fructicola (Wint.) Rehm (Monilinia) in a one to three pre-harvest 
spray orchard program on Elberta peach in 19553, By the time the second application was 
completed it was established through tests on post harvest control of brown rot through dip 
treatments that the Omadine OM 1563, a 50% wettable powder formulation of the zinc salt of 
2-pyridinethione l-oxide, was more effective than the standards captan and sulfur. It was 
then included in the orchard test in a single application just prior to harvest. Control data 
were obtained on peaches with a fresh residue of fungicides as well as on those that were 
exposed to 1 inch natural rainfall which was instrumental in depletion of protective residue 
(Table 2). ; 

From these results it is evident that three sprays of Micronized 4-100 and Thioneb 1 1/4- 
100 are necessary for satisfactory protection, The single preharvest application of OM 1563 








1 Approved by the Director as Journal Paper No. 1065, New York State Agricultural Experiment 
Station, Geneva, New York. 

2 The cooperation of the following companies who supplied test materials is acknowledged: Olin- 
Mathieson Chemical Corp, for the Omadine fungicides and for mycostatin; Merck and Company 
for fungichromin and eulicin; Charles Pfizer Company for oligomycin; Dow Chemical Company 
for M-245; Naugatuck Chemical Div. of U. S. Rubber Company for Thioneb. 

3Szkolnik, Michael and J. M. Hamilton. Research work on apple scab, apple mildew, cherry 
dry stem, pear blight, and peach brownrotin1955. Proc. New York State Horticultural Soc, 
101: 200-216, 1956. 
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Table 1. The effectiveness of organic fungicides for the control of 
peach leaf curl in fall and spring dormant applications. 
Bennett Orchard, Phelps, New York. 





Percent diseased clusters 


Triogem : Hale Haven : Kalhaven 


Treatment 





oo 00 08 6 


Sunhigh 





Fall application (December 1, 1955) 


Thylate 1 1/2-100 
Vancide A 2-100 


Unspreyed 8&9 93 67 -_— 
Bordo 5-5-100 17 33 8 _— 
Bordo 10-10-100 8 20 3 — 
Elgetol 2 qts.-100 2 2 tr -- 
DN #2 2-100 4 4 2 — 
Lime Sulfur 6 gals.-100 2 z 1 -- 
Fermate 1 1/2-100 6 4 1 _ 
OM 1565 1-100 2 3 we anh 
Spring application (March 12, 1956) 

Unsprayed 70 390 75 _ 
Bordo 5-5-100 3 5 a _ 
Elgetol 2 qts.-100 2 1 1 om 
DN #2 2-100 Be y 1 1 —_ 
Lime Sulfur 6 gals.-100 tr 4 ZL ae 
Fermate 1 1/2-100 2 Tr _— 

4 1 a 
Thioneb 2-100 _— = 57 

- “+ 6 

-— _ 5 


1 
OM 1565 1-100 1 





Table 2. The effectiveness of organic fungicides as orchard sprays 
for the control of brown rot on Elberta peaches. Lewis 
Orchard, Geneva, New York. 








3 : 
Treatment 3 Number 3 


Percent brown rot** 
of sprauys* te) 


No rain : 1.0" rain 





Unsprayed 100 


Micronized 4-100 


mM Mw oO 


Captan 50W 2-100 


Thioneb 1 1/4-100 


100 


~ i. wis £84 3 
b= 


-~ MMW RM rOw 


OM 1563 1-100 74 





* The three pre-harvest sprays were applied August 19, 29, and Septem 
ber 8; the two pre-harvest sprays were applied August 29 and Septen- 
ber 8; the single pre-harvest spray was applied September 8. 

** The "Nq Rain" sample was harvested September 8; the other sample was 
collected September 12 after 1.0" rainfall September 11. The peaches 
were hand inoculated with a brown rot spore suspension, kept in the 
moist chamber for 15 hours at 75°F, transferred to room conditions, 

and graded for rot 4 days after inoculation. 
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Table 3. Performance of fungicice dip treatment for the post harvest control of brown rot of 














peaches .* 
: Percent fruit with indicated brown rot infectiom++ 
Treetment $ 3 : 
3 Red Haven 3 Golden Globe Valient 
3 $ : Stem : 3 : Stem ; : : Stem 
: None _; 10% : end: None : 10% : end _-: None : 10% : end 
Water dip check : 0 0 85 0 0 55 0 20 20 
Cuptan 5OW 2-100 20 ) 45> 40 25 20 55 20 30* 
Micronized 4-100 _ _ -- 20 40 5 70 x 10 
OM 1563 1/2-100 60 20 0 45 35 0 50 25 25 
1-100 Be 10 5 62 19 10 85 10 5 
i 1/2-100 100 0 0 65 15 5 60 15 15 
OM 1564 1-100 25 35 0 10 20 10* — _ _ 
OM mycostetin 50 ppm 40 30 20 — ~~ 40 20 15 
100 ppm 52 14 0 50 a 25 70 5 20 
200 ppm 90 10 0 65 5 15 75 10 10 
Merck fungichromin 
50 ppm 70 (8) 15 _— -- _ —_ -- ae 
100 ppm 80 10 0 80 5 5 _ — - 
200 ppm 75 10 5 75 10 5 _— -- 
Pfizer oligomycin 
50 ppm 30 35 10 _ ~— sii wie 
100 ppa 65 15 5 _ _ _ -- - -- 
200 ppm 8) 0 Io —_ oo iti at 
Dow M-245 0.2% lo 5 35% 0 25 35 ~ —_ — 
0.4% 30 20 20> 30 15 15> a pad wan 
Thylate 1-100 -— -- -— _ _ _ 40 x 10 
2-100 _ — _ — - _ 15 x 15 
Merck eulicin 100 ppm — -- —_ 75 5 10 100 0 0 





* Healthy firm-ripe fruit were dipped for 30 seconds in respective treatments. When residue 
dried peaches were inoculeted with a suspension of brown rot spores and kept in en incubetion 
chamber for 15 hours et 75°F and 100% relative humidity. They were then kept at room condi- 
tions until data were taken 4 days after treatment. 

** Figures represent percent of peeches without infection, percent with brown rot involving 
less than 10 percent of fruit surface area, and percent with infections which apparently ini- 
tiated at the stem end. 

®end © light and moderate fruit injury, respectively. 


1-100 and Captan 50W 2-100 were about equally as effective as the three sprays of Micron- 
ized and Thioneb, It could be that the Thioneb would give a better performance at a higher 
concentration, 

The data for the peaches receiving ample rainfall indicate the relative improvement of 
control with repeated applications but more information is desired on retention and redistri- 
bution of.the brown rot fungicides. 


PEACH BROWN ROT -- DIP TREATMENT 


In consideration of the heavy losses of peaches from brown rot developing after harvest, 
many materials have been evaluated in post-harvest dip treatments. The more routine treat- 
ments consisted of immersion of healthy, injury-free fruit for 30 seconds in the respective 
fungicidal preparations. Whendry, the peaches were inoculated with a brown rot spore sus- 
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pension and then kept in an incubation chamber for 15 hours at 100 percent relative humidity 
and 75° F. The fruit was then kept at room conditions until brown rot data were taken, 
usually 4 days after treatment and inoculation, The control performance of Micronized and 
captan, included as standards in these tests, was mediocre (Table 3). Captan caused light 

to moderate injury on some varieties. The performance of Omadine OM 1563 at only 1-100 
was consistently superior to that of the standards. It caused no significant injury to the 
peaches. The manganese salt, OM 1564, was not nearly so effective as the zinc salt OM 1563. 

The antibiotics mycostatin, fungichromin, and oligomycin gave very good protection 
against brown rot, especially at concentrations of 100 and 200 ppm. The performance with 
these was similar to that obtained with OM 1563. There was no observable injury with the 
antibiotics. 

The soluble antibiotics have a particular advantage over insoluble fungicides, especially 
in bulk dip treatment. They would not tend to accumulate on the fruit following drainage of 
the dip, thereby avoiding the presence of unsightly excessive residue on the fruit and the in- 
jury that might occur as the result of excessive deposit. Such excessive residue and pro- 
nounced injury occurred when bushel lots of peaches were dipped in captan, 

Excellent control of brown rot without fruit injury was obtained with the new Merck anti- 
biotic Eulicin at 100 ppm. Unfortunately, the mammalian toxicity of this antibiotic is ap- 
parently too high to permit its use on edible products. 

Thylate did not provide such good protection against brown rot as did either captan or 
Micronized,. The Dow M-245 gave rather poor contro] at a concentration of 0.4% which 
caused appreciable injury. This material gave excellent control at 0.1% without injury in the 
1954 tests. 


DEPARTMENT OF PLANT PATHOLOGY, NEW YORK STATE AGRICULTURAL 
EXPERIMENT STATION, GENEVA, NEW YORK 
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¥ PERFORMANCE OF OMADINE, AG. 5223, AND OTHER PROMISING 
FUNGICIDES IN THE CONTROL OF APPLE SCAB AND CEDAR-APPLE RUST] 





J. M. Hamilton and Michael Szkolnik2 


Summary 


The performance status of new organic fungicides evaluated at Geneva 
_for the control of apple scab (Venturia inaequalis), and cedar-apple rust 
(Gymnosporangium juniperi-Virginianae) is reported. Data are presented to 
help categorize the new materials according to their relative merits in con- 
trolling scab either through retention and protection or through eradication, 
From the great number of potential new fungicides so evaluated emerge the 
Omadines, AC 5223, several Puratized compounds, Thioneb, and Thylate 
as the fungicides with the most interesting possibilities. The iron salt of 
Omadine was more effective against apple scab and rust than were the other 
Omadine salts. The AC 5223 was selected as the most promising scab 
fungicide among the 15 or so guanidine base fungicides evaluated. The Pura- 
tized compounds, which are largely carbamates, and the thiuram fungicides 
Thioneb and Thylate have variable eradicative activity against scab. The 
specificity of Thioneb against the cedar-apple rust fungus is fairly pronounced 
although it is probably not equivalent to that of ferbam. Unfortunately, none 
of the new organic fungicides discussed here shows any promise in the control 
of powdery mildew (Podosphaera leucotricha), 














Although the wettable sulfurs, ferbam, captan, glyodin, and organic mercuries have 
become established fungicides for the control of fruit diseases, the search continues for ma- 
terials with greater advantages, Outstanding among the new materials are the Omadines, 
Thioneb, AC 5223, a series of Puratized compounds, Thylate, and the Vancides (Niacides). 
The latter two are formulated products recently made available to the grower. Screening of 
materials at Geneva led to the discovery of the effectiveness of the Omadines and AC 5223 
groups of chemicals as fruit fungicides. 

This progress reportpresents the most pertinent data on the performance of new 
materials as protectants and eradicants for control of apple scab (Venturia inaequalis (Cke, ) 
Wint. ) and as protectants for control of cedar-apple rust (Gymnosporangium juniperi-virgin- 
ianae Schw, ) 








METHODS 


Materials evaluated in the greenhouse were tested as sprays applied to uniform, vigorous, 
greenhouse-grown, potted apple trees, the Rome Beauty variety being especially adaptable to 
this work. In the series receiving artificial rainfall to evaluate materials for spray retention, 
a precise deposit of each test fungicide was applied to trees on a turntable. After the sprays 
had dried for 24 hours, the trees were exposed again on the turntable to artificial rainfall at 
the rate of 2 inches per hour via a single, solid cone nozzle. When dry, the trees were inocu- 
lated with a standarized spore suspension and placed in the moist chamber for the infection 
period, 

In the greenhouse work, the evaluation of materials for after-infection control of scab, 
the trees were inoculated, given an infection period of 24 hours, allowed to dry, and hand- 
sprayed. Following the drying of the sprays the trees were placed in the moist chamber for 
a minimum of 10 hours for most effective release of the toxicant. 





1 Approved by the Director as Journal PaperNo,. 1067, New York State Agricultural Experiment 
Station, Geneva, New York, 

2 The cooperation of the following companies who supplied test materials is acknowledged: 
American Cyanamid Company for AC 5223 and related fungicides; Olin-Mathieson Chemical Corp. 
for the Omadine fungicides; Gallowhur Chemical Corp, for the Puratized fungicides; Naugatuck 
Chemical Div. of U. S. Rubber Co. for Thioneb; and E, I. du Pont de Nemours and Co, for Thylate. 
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In both the protective and eradicative series, the treated and infected trees were re- 
turned to the greenhouse for completion of the incubation period. The data were usually 
taken 3 weeks after inoculation. These data are expressed in the tables as the average num- 
ber of lesions for the most heavily infected leaf and the three heaviest infected leaves per 
shoot, 


PERFORMANCE OF NEW MATERIALS AS PROTECTANTS 
IN GREENHOUSE AND ORCHARD EVALUATION 


Apple Scab 


The Omadine OM 1565, the iron salt of the parent chemical, 2 pyridinethione 1-oxide, 
has consistently provided good control of apple scab through protection at active concentra- 
tions below that of standard fungicides like sulfur, ferbam, captan, and glyodin (Table 1, 

Ser. A, C, D, F, G, H, and Table 2)3. This material, which is a 50% wettable powder for- 
mulation, at 1/4-100 provided as good protection against scab as Fermate 1 1/2-100 in 
straight retention tests (Table 1, Ser. C and D). The OM 1565 does not undergo degradation 
when used with hydrated spray lime (Table 1, Ser. C). 

The manganese, zinc, and disulfide salts of Omadine, designated as OM 1564, OM 1563, 
and OM 1456, respectively, have not been as effective against scab as the OM 1565 (Table 1, 
Ser. A, F, and Table 2, Ser. A). 

The field results with the OM 1564 1-100 (manganese salt) used in a protective schedule 
for scab control on Cortland in 1955 were favorable and no injury was observed (Table 3, Ser. 
A). A similar test with OM 1565 1-100 on McIntosh in 1956 failed to provide for satisfactory 
scab control, It is thought that this weakness in 1956, inconsistent with greenhouse results, 
was due to instability of the test formulation under orchard conditions (Table 3, Ser. C). 

Thioneb, a 50% wettable powder formulation containing polyethylene thiuram sulfide as 
the active ingredient, at concentrations of 1 1/4- to 2-100 provided as good protection as 
Fermate 1 1/2-100 (Table 1, Ser. C, F, G, H, and Table 2). 

Thioneb, which was used in the orchard on McIntosh at 1 1/2-100 in 1955 and at 2-100 
in 1956, provided very satisfactory control of scab without any evidence of phytotoxicity 
(Table 3, Ser. B and C). The control was about equivalent to that obtained with captan 2-100. 
It was decidedly superior to Fermate in 1956, presumably due to the added effect of eradica- 
tive action, 

The experimental fungicide AC 5223 is a wettable powder formulation of dodecyl guanidine 
acetate, This material gave appreciably better protection than did wettable sulfur and captan 
and about the same protection as Fermate, (Table 1, Ser. B, D, E, G, and Table 2, Ser. B). 
The performance of AC 5223 was comparable to that of OM 1565 at 2-100 but the latter has 
been more effective at lower concentrations in straight retention tests. Lime did not reduce 
the protective activity of AC 5223, in fact, the retention was measurably improved with the 
addition of lime (Table 1, Ser. C and D). 

AC 5223 2-100 gave better than average scab control in the orchard on Cortland in 1955 
without any evidence of injury to foliage or fruit (Table 3, Ser. A). Severe injury to foliage 
and fruit occurred in one sub-division of the AC 5223 plot in which lime 2-100 was included 
with this fungicide in a lead arsenate schedule in two early cover sprays. Identical injury 
occurred on trees nearby sprayed at the same time with AC 12607 (dodecylguanidine bicar- 
bonate). Although the AC 5223 was safe by itself, it readily reacts with the carbonate in the 
lime resulting in the formation of the injurious bicarbonate salt. 

Several Puratized experimental fungicides including P1114, P1143, P1180, and p1122 
were tested as 25% wettable powders. Although these materials at 2-100 gave more protection than 
‘did captan and sulfur they were not comparable with Fermate unless they were used at rates 
of 2-100 and higher (Table 1, Ser. A, G, H, and Table 2). 

The Puratized P1122 gave good control of scab in the orchard on Cortland in 1955 and the 
P1143 was similarly effective on McIntosh in 1956 (Table 3, Ser. A and C). Mild eradicative 
activity may have been helpful in achieving this control. There was no noticeable injury on 
either Cortland or McIntosh, 





3Szkolnik, Michael, and J. M. Hamilton, Research work onapple mildew, cherrydry stem, pear 
blight and peach brown rotin 1955, Proc, New York State Horticultural Soc, 101: 200-216. 1956. 














Table l. 


The effectiveness of organic f 
the control of apple scab.* 


ungicides as protectants to Rome Beéuty foliege for 
Greenhouse, Geneva, New York. 
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Treatment 


sAverage number of: 


: lesions per leef;,; 








Treetment 


Average number of 
zslesions per leaf 


























4.0" artificial rain : : Three : : 4.0" ertificial rein 3 : Three 
sHeaviest: heaviest: : :Heaviest: heaviest 
zinfected:infected: : : infected: infected 
: leef : leaves: : >: leaf : leaves 

per : per se per per 
: Shoot : shoot : : : Shoot : shoot 
Series A — March 15, 1955 : sSeries EF — November 15, 1955 
3 3 
Unsprayed 74 55 +: :Unsprayed 41 31 
Micronized 5-100 39 27 : :Stauffer S-95 5-100 39 32 
Captan 5OW 2-l00#+ 38 23 : :AC 5223 1 1/3-100 13 10 
Fermate 1 1/2-100 6 5 3: :AC 18124 1 1/3-100 7 5 
Thylate 1 3/4-100 a 7 : :&C 1865 1 1/3-100 6 4 
OM 1456 2-100 38 a 
OM 1562 2-100 19 11 : :Series F -- March 27, 1956 
P1122 3-100 14 9 : 3 
P1143 3-100 8 7 3: :Unsprayed 78 70 
P118 3 pts.-100 6 4 3s 
Tag 1/2 pt.-100 4 4 : :Micronized 6-100 45 33 
: :Capten SOW 2-lOO# 16 8 
Series B -- May 17, 1955 : :Fermete 1 1/2-100 9 5 
: :Creg 341 1 gt.+lime 1/4-100 3 1 
Unsprayed 93 88 =: :Crag 341 1 pt.t+lime 1/4 
‘4 +Fermete 3/4-100 2 1 
Micronized 6-l00** 63 48 : :Vancide aA 1 1/2-100 l Tr 
Fermete 1 1/2-100 25 18 =: :Vancide M 1 1/2-100 1 Tr 
AC 5223 1-100#+ 13 8 : :0M 1564 2-100 50 34 
AC 5223 1-100 20 17 =: :0M 1565 2-100 3 1 
: s:Thioneb 5OW 2-100 0 0 
Series C — June 15, 1955 : sThylete 1 1/2-100 35 2 
Unspreyed 75 70 : :Series G — April 10, 19% 
Fermate 1 1/2-100 17 10 =: :Unsprayed 34 28 
Thylete 1 1/2-100 53 42 2:3 
Thioneb 1 1/4-100 19 9 : :Fermate 1 1/2-100 7 5 
OM 1565 1/2-100 1l 8 : :Capten 50W 2-100 23 18 
OM 1565 1-100 5 5 +: :Thylete 1 1/2-100 28 20 
OM 1565 l1+tlime 1/4-100 a i 5 : :Phybem S 4-100 7 5 
AC 5223 1/2+lime 1/4-100 17 12 : AC 5223 2-100 5 4 
: :0M 1565 2-100 7 4 
Series D — June 28, 1955 3 :Thioneb 2-100 5 3 
: :P1114 2-100 24 16 
Unsprayed 64 51 : :P1122 2-100 20 16 
Fermete 3/4-100 9 > : :Series H — April 24, 19% 
Fernete 1 1/2-100 10 S& «23 
OM 1565 1/4-100 9 5 +: :Unsprayed 54 46 
OM 1565 1/2-100 2 i. es 
AC 5223 1/4-100 27 14 : :Fermete 1 1/2-100 5 4 
AC 5223 1/4t+lime 1/2 oz. : :Vancide A 1 1/2-100 5 4 
-100 17 ll =: :Crag 341 1 gt.+lime 1/4-100 9 6 
AC 5223 1/2+lime 1/2 oz. : :Thylate 1 1/2-100 35 25 
-100 8 5 : :Thioneb 1-100 10 -) 
: :Thioneb 2-100 11 8 
: 20M 1565 1-100 5 4 
: 30M 1565 2-100 2 2 
: 3P1143 2-100 31 24 





















* The infection period wes approximately 40 
24 hours at 18°C. 
** The rain wash was 2 inches. 


hours at 18°C except for series A which was 
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Table 2. The effectiveness of organic fungicides as protectants to Rome Besuty foliag 
the control of apple sceb and cedar-apple rust. Greenhouse, Geneva, New Yor 


e for 
k. 









: Average number 
Treatment 3 of lesions 
:Three heaviest infected 
4.0" artificiel rain: leaves per shoot 


Hy Average number 
Treetment 3 of lesions 





:Three heaviest infected 
4.0" artificiel rein: leaves per shoot 





3. Scab 3 Rust 3 Scab 3 


Rust 





oe 08 60 of 08 8 of 


Series A -- April 26, 1955 :Series B —— May 10, 1955 








oe 0 68 of of 28 08 #8 of Of of 








Unsprayed 54 174 sUnsprayed 70 
Captan 50W 2-100 45 x53 sCaptan 50W 2-100 70 
Fermate 1 1/2-100 7 1 : :Fermate 1 1/2-100 30 
Thylate 1 1/2-100 24 66 : :Thioneb 2-100 24 
Thioneb 3/4-100 19 39 ~—s:_-30M 1565 2-100 12 
OM 1564 2-100 24 6 : :AC 5223 2-100 20 
OM 1565 2-100 8 0 : 3P1122 3-100 25 
P1122 3-100 21 4 FY 
P1143 3-100 13 5 3 

7 




























* The trees were given an infection period of 39 hours at 18°C in the moist chamber. 


Table 3. The effectiveness of organic fungicides when applied 
in a protective schedule for the control of apple 
scab in the orchard. Geneva, New York 





Treatment Percent fruit scab 





Series A — Cortland, Kuntz Orchard, 1955 
(8 applications) 


Unsprayed 


& 


Crag 341 1 qt. + lime 2-100 
Orthocide 50W 2-100 
Fermate 1 1/2-100 

OM 1564 1-100 

P1122 1-100 

AC 5223 2-100 


NN wBWOwd 


Series B — McIntosh, Wheeler Orchard, 1955 
(9 applications) 


Unsprayed 95 
Micronized 5-100 17 
Captan 50W 1-100 u 
Captan 50W 2-100 11 
Fermate 1 1/2-100 17 
Vancide A 2-100 18 
Thylate 1 1/2-100 23 
Thioneb 1 1/4-100 4 


Series C — McIntosh, Wheeler Orchard, 1955 
(9 applications) 


Unsprayed 98 
Captan 50W 1-100 


Captan 5OW 2-100 ; 
Fermate 1 1/2-100 30 
Vancide A 2-100 12 
Thylate 2-100 12 
Thioneb 2-100 6 
P1143 2-100 7 
OM 1565 1-100 47 
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Thylate, a wettable powder containing 65% tetramethyl thiuram disulfide, was compara- 
tively weak on retention, being appreciably inferior to Fermate and Vancide A and M (Nia- 
cide A and M) (Table 1, Ser. A, C, F, G, H, and Table 2, Ser. A). In these straight reten- 
tion tests it has an advantage over captan and Micronized sulfur. 

Thylate and Vancide A (Vancide M in cover sprays) tested in the orchard on McIntosh in 
1955 and 1956 provided for similar scab control (Table 3, Ser. B, and C). In these tests, 
it appeared that the poor sticking property of Thylate was compensated for by its mild erad- 
icative action, thereby approaching the control obtained with the more retentive Vancide. 


Cedar-Apple Rust 





Work on control of cedar-apple rust was limited to greenhouse evaluation, Of the new 
experimental fungicides reviewed, Thioneb 2-100 showed particular specificity against the 
cedar apple rust fungus, nearly comparable to that of Fermate 1 1/2-100 (Table 2), The 
Omadines OM 1564 and OM 1565, the AC 5223, and the Puratized materials P1122 and P1143, 
although not so specific as the Thioneb, provided for a measure of control which indicates 
possible favorable performance in the orchard, Thylate, presumably due to its poor reten- 
tion, has not given satisfactory control of rust, 


PERFORMANCE OF NEW MATERIALS AS ERADICANTS IN GREENHOUSE 
AND ORCHARD EVALUATION AGAINST APPLE SCAB 


One of the major properties desired in any new scab fungicide is potent eradicative 
activity. The material should be a non-mercurial which can be relied on for safe and effec- 
tive scab control throughout the growing season, Although the few new promising experimental 
non-mercurial fungicides with eradicative activity fall short of such standards, advantage 
should be taken of any which might possess favorable characteristics. 

The eradicative action of Omadine OM 1565 in greenhouse evaluations against apple scab 
was superior to that of Captan 50W 2-100 and approached that of Phygon 1/4-100 (Table 4, 
Ser. F, J). Lime did not reduce its activity as an eradicant. The related sodium and man- 
ganese salts, OM 1456 and OM 1564, at 2-100 were about the same in eradicative control but 
this activity was less than that of Phygon (Table 4, Ser. D), 

In the orchard, the OM 1565 and OM 1564 at 1-100 failed to control scab in an after-in- 
fection test on McIntosh and Cortland (Table 6, Ser. B). Although there was relatively little 
foliar scab after the first two sprays applied 31 to 36 hours after infection, considerable scab 
developed after the third spray which was unavoidably delayed until 47 hours after infection. 
This timing exceeded the eradicative limits of these materials. 

The eradicative activity of Thioneb according to greenhouse evaluation was found to lie 
between that of captan and Phygon (Table 4, Ser. D, J). In the orchard the eradicative per- 
formance of Thioneb 2-100 was slightly weaker than that of Captan 50W 2-100 and decidedly 
weaker than that of the Phygon 1/4-100 (Table 6, Ser. B). 

AC 5223 was first tested in 1954 as the unformulated chemical which had to be dissolved’ 
in acetone, As such, the AC 5223, evaluated in the greenhouse for eradicative activity against 
apple scab, was about equally as effective as Phygon 1/4-100 (Table 4, Ser. A, B, C). With 
the formulation of the material as a 50% wettable powder, its after-infection activity was 
somewhat reduced although it was still one of the most active of the new materials. The after- 
infection activity of AC5223was increased when lime was used with it (Table 4, Ser, E, and 
Table 5). 

AC 5223 2-100 was evaluated in the orchard on McIntosh and Cortland apples in 1955 and 
1956 at the 40-hour after-infection level for scab control. In both years, the degree of con- 
trol was approximately equivalent to that obtained with the half-and-half Captan-Tag mixture 
and was better than that of the Phygon-Fermate mixture (Table 6, Ser. A.and B). There was 
no injury to either McIntosh or Cortland with the AC 5223; however, the addition of lime 2- 
100 with AC 5223 in just one early cover spray in 1956 on Cortland resulted in moderate leaf 
injury. 

The Puratized materials P1114, P1122, P1143, and P1180, tested at 2-100 in greenhouse 
evaluation were as effective as Phygon 1/4-100 in the eradication of scab (Table 4, Ser, I and 
J). Only the P1143 was tested in an orchard after-infection test on McIntosh in 1956, together 
with Thioneb, AC 5223, and the Omadines (Table6, Ser. B). Although the overall performance 
of these materials after infection was not satisfactory, due primarily to the delay in applica- 
tion of one after-infection spray, the mild eradicative property of the P1143 and Thioneb is 
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The effectiveness of organic fungicides when applied after infection periods to 


Rome Beauty foliege for the control of apple scab. Greenhouse, Geneve, New York. 





: Average number of 
:_ lesions per leaf 
Treetment* $ : Three 





Heaviest :heaviest 

infected : infected 
leef : leaves 

sper shoot:per shoot 


Treetment* 


Average number of 
lesions per leaf 
: : Three 
sHeaviest : heaviest 
sinfected :infected 
3 leaf : leaves 
sper shoot:per shoot 








Series A — July 21, 1954 (30 hours) 





Unsprayed 38 29 
Phygon 1/4-100 1 Tr 
AC 5223 1-100** 2 1 


Series B -- August 17, 1954 (48 hours) 





Unsprayed 38 19 
Captan 5OW 2-100 14 9 
AC 5223 1-100** 1 za 


Series C — September 7, 1954 (48 hours) 














oe 00 0f 08 0 68 ef 08 of 


oe 00 08 8 68 ef 68 08 08 of 08 oF of #8 Of 


oe 08 0 08 fe 08 OF 08 88 08 #8 08 08 88 oF 


oe 60 00 00 08 68 fe 88 88 08 0f 00 08 88 @8 88 Of oF 


Series G — October 5, 1955 (24 hours) 





ee 00 0@ .0e 08 8 88 06 o0 


:Unsprayed 

:Captan SOW 2-100 
:Phygon 1/4-100 
:AC 5223 1 1/3-100 


50 44 
39 30 

5 3 
20 10 


Series H — November 1, 1955 (30 hours) 





Unsprayed 


Captan SOW 2-100 
Phygon 1/4-100 
AC 5223 1 1/3-100 


40 31 
24 19 
Zz 1 
) 0 


Series I — April 10, 195% (3 hours) 





Unsprayed 


© 00 08 cf 08 08 o8 08 08 OF Of ef @ 


:Phygon 1/4-100 
:Phybem S 4-100 
:P1114 2-100 
:P1122 2-100 
AC 5223 2-100 


65 51 


ny 
Wnuk & 


:Series J — Mey 22, 195% (% hours) 





sUnsprayed 


:Phygon 1/4-100 
:Thylete 1-100 
:Thioneb 1 1/2-100 
:0M 1565 1 1/2-100 
zAC 5223 1 1/2-100 
P1143 2-100 
:P1180 2-100 


88 76 


10 8 
67 66 
22 17 
12 8 
23 15 

7 4 

8 6 


Series K — October 9, 19% (48 hours) 





Unsprayed 


Captan 50W 2-100 
1565 2-100 
C 5223 1 1/2-100 


52 


oo 08 00 08 0 of of @8 08 Gf 08 of 0 Gf © 


12 6 
11 6 
4 2 
oO 0 





Unsprayed 33 26 
Captan SOW 2-100 23 12 
Phygon 1/4-100 1 1 
AC 5223 1-100*# 3 3 
AC 5223 1/2-100** 3 1 
Series D — April 18, 1955 (24 hours) 
Unsprayed 8 74 
Orthocide 50W 2-100 63 
Phygon 1/4-100 16(% 12(3% 
hrs.) hrs.) 
Thioneb 2-100 9 7 
OM 145% 2-100 12 9 
OM 1563 2-100 12 12 
Series FE -- June 1, 1955 (36 hours) 
Unsprayed 51 37 
Captan 5OW 2-100 v8) 57 
Phygon 1/4-100 6 4 
AC 5223 1-100 16 8 
AC 5223 1+lime 1/4-100 2 1 
Series F -—- June 22, 1955 (% hours) 
Unsprayed 60 58 
Captan 5OW 2-100 31 2 
Phygon 1/4+Fermate 3/4 
-100 23 15 
Tag 1/4 pt.-100 9 6 
OM 1565 1-100 17 10 
AC 5223 l+lime 1/4-100 18 12 
* The trees were given an infection period 
also received a period of 10-12 hours in 
ee 





AC 5223 was dissolved in 65 cc of acetone and 1 drop of Triton x 100 in prepsring 1 liter 


of spray. 


of 24 hours at 18°C in the moist chamber. 


They 


the moist chamber after the spray wus dry. 









Pare 
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Table 5. The relationship of moisture to the effectiveness of 
orgenic fungicides when applied after infection to 
Rome Beauty foliage for the control of apple scub. 
Greenhouse, Geneva, New York. 













































2 Average number of lesions 
Treatment* :Three heaviest infected leaves per shoot 





Series May 25, 1955 (3% hours after infection) 





Dry Wet 
Unsprayed 64 _ 
Phygon 1/4-100 33 8 
OM 1565 1-100 50 25 
P1122 2-100 50 12 
AC 5223 1-100 43 2 
AC 5223 1+lime 3-100 20 14 





% The trees were given an infection period of 28 hours at 19°C 
in the moist chamber. 

** The trees received a period of 11 hours in the moist chamber 
efter the sprey was dry. 


Table 6. The effectiveness of orgenic fungicides applied after 
infection periods for the control of apple scab in the 
orchard.* Geneve, New York. 





Treatment 3 Percent fruit scab 
Fy McIntosh : Cortlend 








Series & -- 1955 
4 after-infection sprays (38-44 hours) 


Unasprayed 94 87 
Fernete 1 1/2-100 45 25 
Fermate 3/4 + Phygon 1/4-100 24 6 
Captan 50W 2-100 34 13 
Captan 5OW 1 + Tag 1/4 pt.-100 13 5 
Crag 341 1 pt. + Phix 1/8-100 5 4 
Merbem 1/2-100 8 3 
AC 5223 2-100 11 2 


Series B — 19% 
3 after-infection sprays (36-31-47 hours) 


Unsprayed 98 97 
Fermate 1 1/2-100 93 94 
Fermete 3/4 + Phygon 1/4-100 23 10 
Captan 5OW 2-100 48 19 
Capten SOW 1 + Tag 1/4 pt.-100 20 9 
Phybam S 4-100 719 90 
Thylete 2-100 58 22 
Thioneb 2-100 54 62 
OM 1564 1-100 95 91 
OM 1565 1-100 100 98 
P1143? 2-100 58 -- 
AC 5223 2-100 19 5 





* After infection sprays applied during primary infection period 
only. Phygon and Mercury omitted in the cover sprays. Fermate was 
substituted for Merbam and Phybem S, and the protective fungicides 
in the mixtures were used full strength in the cover applications. 
& total of 6 apple scab sprays was applied each year. 
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clearly indicated when the results are compared with the complete lack of control with the 
purely protective Fermate. The eradicative control with P1143 was slightly weaker than that 
obtained with captan, 

The results of greenhouse tests show that Thylate has mild eradicative properties but 
that this activity was the weakest of the materials reported here (Table 4, Ser. J). In an or- 
chard after-infection test, the performance of Thylate 2-100 in eradication was somewhat 
weaker than that of captan (Table 6, Ser. B), Light to moderate foliar injury occurred on 
McIntosh and Cortland sprayed with Thylate in a lead arsenate schedule. 

The degree of eradicative control and the number of hours after infection during which an 
eradicative fungicide provides such control is determined by such factors as the length of in- 
fection period, the prevailing temperature, the condition of trees, the amount of inoculum, 
and the presence of moisture following application. A moist or dew period of about 10 hours 
or more following the drying of spray deposit provides for the maximum eradicative potential 
of organic fungicides, except for the organic mercuries which apparently do not require a post- 
spray wetting period (Table 4, Ser. K and Table 5). 

Based on the greenhouse evaluation of fungicides for eradication of apple scab, it appears 
that the performance of the new materials compared with the standards is rated in the follow- 
ing descending order, of Phygon, Puratized series, AC 5223, OM 1565, Thioneb, Captan, and 
Thylate. The AC 5223 was tested in the orchard for two years during which time its perform- 
ance was better than that of Phygon 1/4-100. The other materials reported here have 
received too limited an orchard test to permit a more conclusive rating of their relative erad- 
icative merits. 


DEPARTMENT OF PLANT PATHOLOGY, NEW YORK STATE AGRICULTURAL EXPERIMENT 
STATION, GENEVA, NEW YORK 
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-+ OMADINE, A PROMISING NEW ORGANIC FUNGICIDE 
FOR THE CONTROL OF BLOSSOM BLIGHT OF PEARS! 








J. M. (Hamilton and Michael Szkolnik2 


Summary 


Greenhouse tests on cut branches and potted pear trees for the control 
of blossom blight (Erwinia amylovora) indicate that the sodium and Zinc salts 
of 2 pyridinethione l-oxide provide for more effective control than do bordeax 
mixture and the antibiotics streptomycin, Malucidin, and griseofulvin. 








Antibiotics have come into prominence as a possible substitution for the comparatively 
ineffective bordeaux and zinc carbamates for thecontrol of fire blight on apples and pears, 
especially the blossom blight stage. Unfortunately, these antibiotics, in addition to being 
very expensive, have given erratic results in control in different regions of the country. In 
the Geneva tests, the antibiotics, including streptomycin, have consistently exhibited various 
weaknesses in control, stability, and injury which were serious enough to discourage their 
being recommended for use in commercial orchards. 

From the greenhouse screening program on blossom blight control, Omadine OM 1456 andOM 
1563, the sodium and zinc salts of 2 pyridinethione l1-oxide, emerged as materials worthy 
of further evaluation. 





METHODS 


The greenhouse tests were conducted on blossoms of cut branches or of potted trees. 
The branches were cut from orchard trees in dormancy, put in water containing 1% dextrose, 
and slowly brought to bloom in the greenhouse. The branches were periodically cut off under 
water to help maintain maximum transpiration. At full bloom they were sprayed and inocula- 
ted by hand or via bee vector after the sprays dried. Generally, a 3-day-old nutrient broth 
culture of Erwinia amylovora, at the rate of 2 ml per liter of water, was used for hand inocu- 
lation, A further dilution of 1 ml nutrient broth culture per 2 liters was found preferable in 
tests for the screening of materials, For bee inoculation the blossoms were kept one day in 
a screened cage with a hive of bees, At the hive entrance was a pollen trap containing an agar 
culture of bacteria which contaminated the bees as they emerged from the hive, After inocu- 
lation, the blossoms were kept in an incubation chamber maintained at 100 percent relative 
humidity at 75° F until blight data were taken. Blossoms were graded into three groups, 
namely, those clean and those with shallow and with deep infections. The shallow infection 
was limited to the calyx cup, whereas the deep infection progressed down the pedicel of the 
flower. 





RESULTS 


The data on control of blossom blight on pears show that Omadines OM 1456 and OM 1563, 
the sodium and zinc salts of 2 pyridinethione 1-oxide, at 1-100 were more effective than bor- 
deaux 2-6-100, or the antibiotics AC streptomycin, Phytomycin, Malucidin, and griseofulvin 
at 100 ppm (Table 1). The degree of control by these materials was found to be regulated by 
the concentration of inoculum, by the vigor of branches or trees, and by whether or not pol- 
lination had taken place prior to inoculation, It has been found that the less vigorous blossoms 
are more susceptible toblight thanare the vigorous ones, and that the cut branches kept in tap 
water were far more susceptible than were those kept in dextrose solution. Infact, the degree 
of blossom infection on unsprayed branches kept in dextrose was about the same as that 
occuring on branches kept in tap water but sprayed with streptomycin. 





1 Approved by the Director as Journal Paper No, 1066, New York State Agricultural Experiment 
Station, Geneva, New York. 

2 The cooperation of the following companies who supplied test materials is acknowledged: Olin- 
Mathieson Chemical Corp. for the Omadines and for Phytomycin; American CyanamidCo, for AC 
Streptomycin; Merck and Company for griseofulvin; and Naugatuck Chemical Div. of U. S. Rubber 
Company for Malucidin. 
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Table 1. The comparative effectiveness of pyridinethione compounds and certain 
antibiotics for the control of blossom blight of pears. Greenhouse, 
Geneva, New York. 





Percent flowers infected*+* 





Treatment* : Bacterial 
: concentration 


Clean _: Shallow: Deep 





Bosc (cut branches) 
Series A — April 4, 195% (168 hrs., 75°F, 100% R.H.) 














Unsprayed 2 ec/l 6 62 32 
AC Streptomycin (188-1) 50 ppm 2 cce/l 48 40 12 
AC Streptomycin (188-1) 50 ppm 1 cc/2 1 30 10 0 
AC Streptomycin (188-1) 100 ppa 2 ec/l 26 51 23 
AC Streptomycin (188-1) 100 ppm 1 ec/2 1 97 3 8) 
Malucidin 100 ppm 1 cc/2 1 78 15 8 
Griseofulvin 100 ppa 1 cc/2 1 69 27 4 
*0M 1456 1-100 2 ec/l 92 5 2 
*0M 145% 1-100 1 cc/2 1 89 8 4 

Kieffer (cut branches) 

Series B -- May 9, 19% (144 hrs., 75°F, 100% R.H.) 
Unsprayed 2 cc/l 24 27 50 
OM Phytomycin 100 ppa 2 ec/l % 27 37 
*0M 1563 1 1/2-100 2 ec/l 67 16 17 

Bartlett (cut branches) 

Series C — April 24, 19% (168 hrs., 75° F, 100% R.H.) 
Unsprayed 2 cc/l 4 13 83 
OM Phytomycin 50 ppm 2 ec/l 18 30 53 
OM Phytomycin 100 ppm 2 ec/l 21 46 33 
OM 1563 1-100 2 ec/l 51 2% 24 

Bartlett (potted trees — bee inoculation) 

Series D — May 23, 1956 (168 hrs., 75°F, 100% R.H.) 
Unsprayed — 9 5 87 
Bordo 2-6-100 — 1 5 94 
OM Phytomycin 50 ppm —_ 4 4 2 
OM Phytomycin 100 ppm wae 19 3 78 
OM 1563 1/2-100 -— 41 39 20 
OM 1563 1 1/2-100 — 60 29 11 





* Om 145 and OM 1563 are the disulfide and zinc salts respectively of 
2 pyridinethione l-oxide. 

#*#Clean = no infection; Shallow = incipient infection limited to calyx cup; 
and Deep = infection progressing down pedicel. 


DEPARTMENT OF PLANT PATHOLOGY, NEW YORK STATE AGRICULGURAL 
EXPERIMENT STATION, GENEVA, NEW YORK 
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CONTROL OF THREE FOLIAR DISEASES BY SEVERAL FUNGICIDES 
IN GREENHOUSE TESTS1 








C. B. Kenaga and R, L. Kiesling 
Summary 


Acti-dione, Panogen 15, hexachlorobenzene, and the Omadine salts of 
copper, zinc, manganese, and sodium were applied as foliar sprays to 
cabbage, bean, and corn to control Phoma lingam, Colletotrichum linde- 
muthianum, and Puccinia sorghi. Most of the treatment means showed 
highly significant control. However, better control was obtained with 
sodium Omadine, copper Omadine, and Panogen 15 than with the other 
five compounds tested, At higher temperatures Panogen 15 reduced the 








amount of C. lindemuthianum infection to a trace, while infection in the 
checks was increased, Better control of these organisms was obtained 
with all Omadine salts tested and Panogen 15 than with hexachlorobenzene 
and Acti-dione, 


INTRODUCTION 


A study of the effects of several antibiotic and synthetic organic materials upon certain 
plant pathogens and their hosts was initiated in 1954. These compounds were screened 
against three foliar diseases and results formed the basis for further selection of materials 
to be employed in physiological studies concerning their mode of action and host reaction, 
This paper deals with results of the former studies, 


MATERIALS AND METHODS 


The test compounds were the four antibiotic materials thiolutin, fungistatin XG, nystatin, 
and rimocidin sulfate, and the two synthetic organic compounds diaphine hydrochloride and 
the sodium salt of 1-hydroxy-2 (1H)-pyridinethione (the parent compound has since been as- 
signed the trade name Omadine), Acti-dione and Panogen 15 were later added as checks. 
Unsatisfactory control was obtained with all compounds except sodium Omadine and the two 
checks, Acti-dione and Panogen 15, Therefore, further studies were undertaken with sodium 
Omadine and additional Omadine salts. Hexachlorobenzene was also incorporated in the 
program after initial tests indicated effective control. 

Test organisms for these greenhouse spray trials were Phoma lingam (Tode ex Fr. ) 
Desm., cause of black-leg of cabbage; alpha strain of Colletotrichum lindemuthianum (Sacc. 
& Magn.) Briosi & Cav., cause of anthracnose of bean, and Puccinia sorghi Schw., corn rust, 

Spores of these organisms were suspended in distilled water and were*sprayed by atom- 
izer onto the aerial surfaces of their respective hosts. After inoculation the plants were 
allowed to dry before the chemical treatments were applied. 

The materials used in the experiments were: 








Acti-dione (cycloheximide), furnished by the Upjohn Company, 
Kalamazoo, Michigan, 

Panogen 15, a 2.2% methyl mercury dicyandiamide in liquid 
carrier, furnished by Panogen Inc., Ringwood, Illinois. 

Hexachlorobenzene, 40%, furnished by Panogen Inc., Ringwood, 
Illinois. 

Sodium, zinc, manganese and copper Omadine, salts of 1-hydroxy-2 
(1H}pyridinethione, furnished by Olin Mathieson Chemical 
Company, Baltimore, Maryland. 





I This paper is apartial fulfillment of aPh, D. thesis byC. B. Kenaga and was supported by agrant 
from the HoraceH. Rackham Endowment, Contribution from Michigan State University Experi- 


ment Station No, 2039. 
2Graduate Research Assistant and Assistant Professor respectively, Department of Botany and 


Plant Pathology, Michigan State University. 
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Table 1, Influence of various antifungal materials on incidence of Phoma 














lingam. 
Cabbage Chinese Cabbage 
Experiment ‘No. Pr say emer er 1 2 3 b 11 
Check 5.86 8.00 8.00 7.38 76 
Acti-dione 3 ppm 4.00 4,86 5.50 43@ --- 
Hexachlorobenzene 200 ppm 3.00 3.14 3.88 3.75 3.4 
100 pom ---- ---- ----  ---- 309 
Panogen 15® 4G opm 2.71 2.86 3013 2.75 31 
22 ppm ----  _---- w-e- =n = 
Zinc Omadine 200 ppm 2.71 2.43 3.50 3.36 3.1 
100 ppm wee mee Ceti’ cone * ie 
Manganese Omadine 200 pom 2.57 2.29 2.75 3.00 3.3 
100 ppm ame 8 anette sisi nme te 
Copner Omadine 200 ppm 2.43 2.57 325 «62:63 «62.7 
100 pom saa= 3 ano ame wae - ie 
Sodium Omadine 290 pom 2.29 2.493 2.63 2.63 2.9 
100 ppm --<-- ---- pees _ 25 
L.S.D- -05 0.7% 0.72 0.39 0.74 0.55 
-O1 0.99 0.96 0.52 0.98 0.73 





4 Methyl mercury dicyandiamide at 4, 4 ppm is roughly equal to 3ppm of mercury. 


These compounds were applied by atomizer to the rows of inoculated plants until the 
point of run-off. Cardboard strips protected the rows of plants on either side from drift 
or accidental spray contamination. The plants were kept in a moist chamber for 3 days 
and then removed to a bench, Readings were taken after lesions appeared on the untreated 
inoculated checks and were based on a numerical gradation of 1 to 10; 1 indicating no visible 
symptoms, and 10 indicating death of the plant. At least seven replications were used in 
each experiment. 

Hexachlorobenzene and copper, zinc and manganese Omadine were insoluble compounds, 
and 1/10 ml of Tergitol No. 7 per 100 ml distilled water was employed to keep them in sus- 
pension at stock concentrations of 1000 ppm active ingredients. Acti-dione, Panogen 15, 
and sodium Omadine were soluble at this concentration, Acti-dione was applied at 3 ppm, 
Panogen 15 at 4,4 and 2. 2 ppm active concentration, and hexachlorobenzene and the Omadine 
salts at 200 and 100 ppm. 

Marion Market cabbage plants 2 to 4 weeks old were used in the initial trials involving 
Phoma lingam. Since with this variety of cabbage removal of the waxy bloom by rubbing the 
leaves was necessary before inoculation, subsequent trials were run using Mandarin Chinese 
cabbage which was susceptible to this test organism and free from bloom. Michelite beans 
were used in the Colletotrichum lindemuthianum trials, and Golden Cross Bantam corn in the 
Puccinia sorghi trials. 
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Table 2. Influence of various antifungal materials on incidence of 
Colletotrichum lindemuthianum on Michelite beans. 








Concentration of 











Axperiment No. nective inrredients 5 6 ? 11 
Check 8.25 7.00 9.00 6.5 
Acti-dione 3 ppm 2.88 4.86 8.00 --- 
Hexachlorobenzene 200 pom 4.25 4.14 4.29 3.1 
100 pom —<—— a «sss 9,9 

Panozen 15 4.4 pom 2-50 3-14 ee ae oS 
2.2 pom ewes ates =e 3,6 

Zine Omadine 200 prm 2.25 1.86 4.1% 3.5 
100 pom mame eee ene 50S 

“anganese Omadine 200 ppm 3.13 A242 A. 5.5 
100 vp» ---- ---- <---- 5.9 

Conper Omafine 200 pom 2.00 1.57 4,20 5.4 
100 pom wo-- =e 5G 

Sodium O-adine 200 prm ao 6 68LSS.lC 
109 pom — enamine witness beg 

L.S.D. 05 1.46 1.90 2.08 0.51 
01 1.94 1.9% 2.76 0.67 

RESULTS 


At the concentrations tested copper Omadine was more phytotoxic than zinc, manganese, 
or sodium Omadine, Single foliage applications of copper Omadine at 200 and 100 ppm on 
Chinese cabbage caused appreciable plant stunting while zinc, manganese and sodium Oma- 
dine at 200 ppm produced only slight stunting. Single foliage applications of the four Omadine 
salts at 200 ppm were not phytotoxic to corn or beans. Panogen 15 was not phytotoxic at the 
concentrations tested, but hexachlorobenzene and Acti-dione caused necrotic spots on foliage. 
Wherever phytotoxic reactions were caused by Omadine salts the plants recovered quickly 
with new growth appearing normal, 

Experiments 1, 2, 3, 5, 6 and 8 (Tables 1 to 3) were completed during the months of 
January and February during which time the greenhouse maintained an even temperature of 
about 22° C. Experiments 4 and 7 (Tables 1 and 2) were completed during late March, and 
9, 10 and 11 (Tables 1 to 3) in April when the greenhouse temperatures rose appreciably 
during the daylight hours, 

In the P, lingam trials (Table 1) all of the spray materials provided a high degree of 
control at the two levels of concentration employed. The means of the Omadine treatments 
and Panogen 15 were higher at the 1% level in relation to Acti-dione in experiments 1 and 4, 
Hexachlorobenzene gave significantly better control than Acti-dione in experiments 1, 2 and 
3. OnChinese cabbage, Panogen 15 and copper and sodium Omadine gave better control than 
hexachlorobenzene in experiments 3 and 4, 

Highly significant differences in control were obtained between treated and untreated beans 
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Table 3. Influence of various antifungal materials on 
incidence of Puccinia sorghi on Golden Cross 
Bantam corn, 








Pe ‘ . Concentration of 
Experirent No. 8 9 
: active ingredients ° 








Check 5-00 3650 
Acti-dione 3 pom 2.71 2.70 
Hexachlorobenzene 209 pom 4.43 1.90 
Panocen 15 4.4 ppm 2.57 1.80 
Zine Omadine 200 ppm 4.29 2.00 
Manganese Omadine 200 ppm 2.36 1.80 
Coprer Omacine 200 vpm 2.43 1.60 
Sodium Omadine 200 pom 2.90 1.90 
L.S.D. 205 0.82 0.52 

01 1.1 0.68 


inoculated with C. lindemuthianum in experiments 5, 6 and 7 (Table 2). One exception was 
Acti-dione in experiment 7. Panogen 15 and sodium, copper and zinc Omadine treatments 
provided control highly significant in relation to Acti-dione in experiments 6 and 7, Copper, 
sodium and zinc Omadine gave better control than hexachlorobenzene in experiment 5, The 
incidence of C. lindemuthianum in the treatments generally increased as the temperature 
increased, resulting in reduced control for all treatments in experiments 7 and 11 (Table 2). 
One exception was Panogen 15 which gave significantly better control. 

Results in the first P. sorghi trial (Table 3)were erratic. Hexachlorobenzene and zinc 
Omadine gave no control in this experiment, while all other treatments gave good control, 
In the second trial (experiment 9) the treatment means for all compounds showed a high degree 
of significance over the inoculated untreated checks. All of the other compounds in this ex- 
periment were better than Acti-dione. 





DISCUSSION AND CONCLUSIONS 


The increased phytotoxicity of copper Omadine over sodium, manganese, and zinc Oma- 
dine is understandable in view of the known phytotoxic effect of the copper ion alone. The non- 
phytotoxic action of Panogen 15 may have resulted from the relatively low concentration tested. 
Under conditions requiring single or widely spaced foliage applications of zinc, copper, man- 
ganese, or sodium Omadine, at the concentrations tested, phytotoxicity would probably be of 
no consequence. However, frequent applications or applications of higher concentrations 
would result in stunting and chlorosis. 

The higher temperatures encountered in late runs favored infection by C, lindemuthianum 
on bean plants, as is demonstrated in experiments 7 and 11 (Tables 1 and 2 respectively). 
The amount of infection was greater in all treatments, except Panogen15 which reduced inci- 
dence to a trace at these higher temperatures. Increased control by Panogen 15 may be 
caused by its volatility and eradicant properties, 

The materials tested allowed some infection by each pathogen, However, the treatment 
means of the Omadines and hexachlorobenzene at 200 ppm and Panogen 15 at 4,4 ppm showed 
highly significant control of all three pathogens in all experiments. Acti-dione at 3ppm pro- 
duced highly significant control in eight of nine experiments in which it was employed. When 
the Omadines and hexachlorobenzene were diluted to 100 ppm and Panogen 15 to 2.2 ppm an 
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increase of infection was noted. However, except for manganese Omadine highly significant 
control was Still obtained. Sodium and copper Omadine and Panogen 15 gave the best over- 
all controls. The copper and mercury ions are toxic to many fungi and some increased 
activity is expected in their combination with organic compounds, Sodium Omadine is water 
soluble which contributed to its higher performance. Copper, manganese and zinc Omadine 
and hexachlorobenzene were prepared and sprayed as suspensions, which increased the dif- 
ficulty of covering the plant with a solid uniform protective covering. 


MIGHIGAN STATE UNIVERISTY 
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*T VIABILITY OF CABBAGE, CARROT, SWEET CORN 
AND LIMA BEAN SEED TREATED WITH THIRAM OR COPPER OXINATE! 


AND STORED AT THREE DIFFERENT TEMPERATURES | 











Patrick M. Miller and M,. B.’ Linn? 


Summary 


Cabbage, carrot, sweet corn and lima bean seed treated with thiram or 
bioquin 1 and stored for 4, 8or 12 months at 2°, 14° or 32°C generally showed 
no viability loss directly attributable to the fungicides. Treated seed usually 
germinated better than untreated. Treatment with fungicides was helpful in 
preventing loss of viability of lima bean seed stored for a year at 32° and 
also that of cabbage seed stored at 2° C. It is suggested that the increased 
viability of treated over non-treated seed is due to control of seed-borne 
organisms which attack the seed directly in storage or after planting. 





The principal factors usually listed as influencing the viability of stored seed are: kind 
of seed, moisture content, storage conditions, length of storage, and sometimes seed=borne 
microorganisms. Porter (11) has given an excellent review of the effect of storage conditions 
on seed viability. This study was made to determine the influence of length and of tempera- 
ture of the storage period upon germination of 4 different kinds of seed treated with 2 seed 
protectant chemicals. 

The effect of seed-treatment chemicals on the keeping quality of stored seed has been 
studied by several workers. The degree of injury, if any, varies somewhat among crops and 
among varieties of the same crop. Miles (10) found no difference in emergence of cotton seed 
treated with mercurial fungicides whether they were stored up to 17 weeks in the laboratory 
or stored in a ventilated corn crib. Koehler (6) showed that seed corn with a water content 
of 12 percent and coated with a mercurial fungicide germinated well after storage for one 
year, Leukel (9) found little loss in viability of wheat seed stored up to 6 months after treat- 
ment with mercurial and non-mercurial fungicides. Treated oats and barley were also un- 
affected by storage up to 18 weeks except by some injury by Agrox (6.7% phenyl mercury urea) 
to barley. Koehler and Bever (7) found that wheat seed might be injured by mercurial seed 
treatments if stored for 150 days at room temperature under conditions of poor air ventilation. 
They found that most fungicides decreased the viability of wheat when treated seed was stored 
for 10 months at room temperature, Oats were less susceptible to injury than wheat with the 
oat variety Mo 0-205 less susceptible than Clinton. Jacks (5) concluded, after tests with 
several fungicides on many types of vegetable seed, that most kinds of seed could be treated 
safely if subsequently stored under dry conditions until the following season. 


MATERIALS AND METHODS 


Carrot (variety Red-cored Chantenay Red Heart), cabbage (variety Marion Market), sweet 
corn (variety Golden Cross Bantam Hybrid), and lima bean (variety Henderson U.S.D.A. #2) 
seed were treated with three fungicides by mixing the seed and fungicide rolled together in a 
glass jar for 10 minutes, Arasan (thiram-50% bis(dimethylthiocarbamoy]) disulfide) was ap- 
plied as commercially formulated, Technical thiram and bioquin 1 (copper oxinate) were 
triturated with equal weights of Attaclay to improve their adhesive qualities. Arasan and the 
technical thiram-Attaclay mixture were applied at 0.25 percent by weight to carrot and cabbage 
seed and at 0,125 percent to sweet corn and lima beanseed, The bioquin 1-Attaclay formulation was 
applied at 0. 062 percent to carrot and cabbage seed and at 0.031 percent to sweet corn and 
lima bean seed, After treatment the seed was stored in cloth bags at 2°, 14°, and 32° C., 
The relative humidity was approximately 70 percent, All storage containers permitted ade- 
quate air ventilation. Samples of seed were tested for viability after 4, 8, and 12 months of 
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Table 1. Germinetion of seeds treated with fungicides ana stored for 4, 8, and 12 
months at 2°, 14°, or 22° C. 














3 : :Storege: Mean germination index® 
Seed and : Dosage : Mean percent :temper-:_Mean pre-storage germination=100 
fungicide : (4%) +: germination :ature : Period of storage 
3 sbefore storage: (°C) : 4 months 8 months 12 months 
CABBAGED 
Arasan 0.25 90.7° 2 94.8 %.1 73.5 
14 94 As) 94 0 84 . 3 
32 91.3 97.0 89.6 
50% Technical 0.25 % 0 2 95.8 90.9 87.6 
Thiram mix vA 91.7 98.7 84.0 
| 32 89.6 84.7 Tet 
50% Copper 0.062 88.0 2 100 .0 109.0 93.3 
Oxinate mix u 92.8 106.9 100.0 
32 % .3 104.9 935 
Contro14 92.7 2 95.7 91.0 37.2 
I (No treatment) 4 94.2 92.0 95.7 
| 32 92.0 94.9 79.8 
CaRRoTSb 
Aresen 0.25 68.0 2 91.2 103.8 116.4 
14 8.5 97.0 87.1 
32 82.5 9402 87.1 
50% Technical 0.25 66.7 2 93.8 81.7 82.0 
Thiram mix 14 91.1 100 .0 87.9 
32 84.9 99.0 95.9 
50% Copper 0.062 68.3 2 89.0 94.8 92. 
Oxinate mix 4 89.8 31.9 114.1 
32 82.2 97.9 82.2 
Control 69.3 2 88.6 69.0 88.6 
(No treatment) 4 89.4 102.1 115.3 
32 85.6 104.7 Wl 
SWEET CORN® 
Arasan 0.125 97.3 2 98.8 100 .0 97.5 
4 97.5 101.3 92.4 
32 92.4 98.8 91.3 
50% Technical 0.125 93.3 2 102.7 106.9 104.6 
Thiram mix uu 101.5 101.5 101.5 
32 97.3 106 9 97.3 
50% Copper 0.031 94-7 2 97 02 104.9 98.5 
Oxinate mix u 98.5 104.1 95.7 
32 94.3 104.9 95.7 
Control 92.0 2 104.2 102.8 97.7 
(No treatment) u 100.0 104.2 101.3 
5 32 97.0 105.6 85.4 
(Table continued next page) 
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Table 1 (concluded). 














FY : Storage: Mean germination index® 
Seed and : Dosage : Mean percent :temper-: Meen pre-storage germination=100 
fungicide : (%) +: germination :ature : Period of storage 
: sbefore storage: (°C) : 4 months 8 months 12 months 
LIMA BEANE 
Arasan 0.125 88.0 2 100 .0 107.5 109.1 
14 100 .0 104.4 Lika 
32 97.2 97.2 72 Pi | 
50% Technical 0.125 92.0 2 98.6 108.5 107.2 
Thiram mix 14 97.1 101.3 99.3 
32 92.7 35-7 69.6 
50% Copper 0.031 94.7 2 9423 104.1 98.6 
Oxinate mix 14 90.8 104.1 103.0 
32 92.9 101.2 76 0 
Control 88.0 2 101.3 107.5 106.1 
(No treatment) 14 98.0 92.4 106.1 
32 95.5 95.5 2402 
LSD (5% level) 13.6 20.2 





®“v¥ean pre-storage germination index = 100 

bso seeds per row = 1 replicete 

CEach figure averege of three replicates 

Grests in steam-sterilized soil were for germination only and no control of 
pre-emergence damping-off 

©25 seeds per row = 1 replicate 


storage. 

Seed was planted in flats containing a steam-sterilized mixture of 1/3 sand, 1/3 manure, 
and 1/3 silty clay loam, Fifty cabbageorcarrotseedor 25cornor lima bean seed consituted 
one replicate, Treatments were replicated 3 times. Counts were made until there was no 
further emergence of seedlings. 


RESULTS 


Germination at the end of 4, 8 and 12 months storage is given (Table 1) as an index num- 
ber based on a pre-storage germination index of 100, 

In general, coating seed with fungicides had no deleterious effects on germination until 
after at least 12 months of storage. Cabbage seed treated with Arasan apparently lost some 
viability if stored at 2° C. Treatment with technical thiram also lowered the viability of cab- 
bage seed stored at 32°, Untreated cabbage seed lost most of its viability if stored at 2° and 
some of itifstored at 32°. Viability of treated lima bean stored at 32° was reduced only slightly 
while that of untreated seed fell off 76 percent. Sweet corn seed was affected less by storage 
than the other kinds of seed. 


DISCUSSION 


The data show that the effect of storage temperature varies among different kinds of 
seed, Untreated cabbage seed lost more viability when stored at 2° than at 32° but the re- 
verse was true for lima beans, 

It is apparent that seed-treatment helps to maintain viability of seed during sub-optimum 
storage conditions, Two possible explanations are: 1) eradication of fungi attacking the seed 
while in storage; or 2) prevention of attack of weakened embryos by seed-borne pathogens 
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after planting in the soil. Lehman (8) found emergence of improperly-stored cotton seed 
improved by exposure to vapors of Ceresan M. He found these seeds were infested with or- 
ganisms usually considered saprophytes and not highly pathogenic to cotton, Moreover, the 
protection was better at 28° than at 5° C. Barton (1) found that weak seed germinated on 
filter paper but were unable to emerge from the soil. Thus, seed emerging slowly would be 
subject to attack by seed-borne or soil-borne pathogens over a longer period of time, Eradi- 
cation of seed-borne organisms by treating the seed with fungicides would permit emergence 
of more seedlings. This might explain the greater emergence of treated lima bean seed than 
of untreated seed after storage for a year at 32° C. The two cases of injury by Arasan and the 
thiram-Attaclay mixture to cabbage seed might be apparent rather than actual and be instead 
a failure to control attacking organisms as effectively as with bioquin 1. 

Barton (2) found that high relative humidity during storage shortens viability of seed and 
that there is more moisture in seed stored at low temperatures than at higher temperatures. 
Boswell et al. (4) found that at low temperatures seeds developed a very high moisture con- 
tent and were quickly injured if removed to a higher temperature before they were dried. The 
seeds in these experiments were taken from a storage room with relative humidity of about 
70 percent directly to a laboratory with a fairly low relative humidity and room temperatures 
of 20° to 27° C. Inthe present experiments, the loss of viability by cabbage seed stored at 
2° C might arise from some such injury which made the seed more subject to attack by seed- 
borne pathogens when planted in sterilized soil. 

Reduced viability of lima beans stored at 32° C cannot be entirely due to a lowered food 
supply since the seed treated with fungicides gave a relatively high germination. The lowered 
viability must have arisen from increased susceptibility to attack from organisms on the seed 
prior to or after planting. 
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+ VARIETAL DIFFERENCES IN SUSCEPTIBILITY OF SORGHUM TO CHEMICAL 
TOXICITY OF A MERCURY COMPOUND (PANOGEN 15) 








C. H./Hsi 
Abstract 


Eighteen varieties of sorghum were tested for their reaction to the 
phytotoxic action of a liquid mercury fungicide applied at several dosages 
to the seed. 

At 3/4 fluid ounce of Panogen 15 per bushel, the recommended rate 
of application, slight or insignificant mercury injury was observed on 
most of the varieties. At the rate of 3 fluid ounces per bushel, however, 
considerable injury to seed and seedlings of sorghum was evident, Emer- 
gence of 18 varieties treated at the high rate ranged from 1 to 85 percent 
and seedling injury was from 7 to 100 percent. Sorgo, milo, and hegari 
types were more tolerant of mercury toxicity than kafir or kafir-milo 
hybrids or derivatives. Several of the more tolerant varieties were found 
capable of withstanding dosages as high as 6 fluid ounces per bushel. 

A storage period of 2 months between treatment and planting did not 
give an increase in injury over one of 2 days. 





Mercury seed treatment effectively controls seed-borne diseases of sorghum. Occasion- 
ally severe injury results from over-dosages of mercury. Relatively little is known of dif- 
ferences in susceptibility of sorghum varieties to this toxic effect. Leukel! found that mer- 
cury injury to seedlings of the Leoti Sorgovariety was much greater than to the seedlings of 
Sharon Kafir, and that seed injury from New Improved Ceresan depended more on variety and 
rate of application than on length of storage after treatment. 

The present investigation was made to secure the following information: 1) the phytotoxi- 
city of a mercury compound (Panogen 15) to sorghum as measured by the reduction in seedling 
emergence and seedling injury; 2) the relative tolerance of dosage, duration of storage after 
treatment, and the interactions of variety, dosage, and storage-period on injury by this mer- 
curial to sorghum, 


MATERIALS AND METHODS 


Experiment 1: -- Eighteen varieties of sorghum were used in this experiment, including 
3 forage and 15 grain varieties. Within the latter group were several distinct types, including 
one each of milo, kafir, kaoliang, durra, and hegari, 4 hybrids from kafir-milo parentages, 

3 derivatives from kafir-milo crosses, 2 derivatives from uncertain parentage, and one 
derivative from a three-way cross, 

Panogen 15 (2.2% methylmercury dicyandiamide) was applied to the seed of all 18 
varieties at 2 dosages, 3/4 and 3 fluid ounces per bushel. Three-ml suspensions of the fixed 
concentrations in water were applied to 42-ml] lots of sorghum grain in large glass tubes. 
Each tube thus treated was closed promptly and tightly with a screw cap and shaken vigorously 
until the suspension was distributed evenly over the seed, 

All treated seed and water-treated checks were kept in the closed tubes in the laboratory 
at room temperatures, Plantings were made in a greenhouse sand bench both 2 full days and 
2 months after treatment. Fifty seeds were planted to each row and each planting consisted 
of 2 replicates. The experimental design used was that of a split plot, with replicates and 
durations of storage as main units, dosages as sub-units, and varieties as the smallest units. 

Percent emergence was obtained as the ratio of number of seeds germinated to total 
number of seeds planted x 100, Percent normal seedlings represented the ratio of normal 
seedlings to total number of germinating seedlings x 100. 

Analysis of data expressed as percentages was made by transforming percentages to 








TLeukel, R. W. 1943. Chemical seed treatments for the control of certain diseases of sorghum. 
U. S. Dept. Agric. Tech. Bull, 849. 
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FIGURE 1. Mercury 
injury on Martin sorghum 
treated with Panogen 15 at 
3 fluid ounces per bushel. 
Normal seedlings from 
seed treated at 3/4 fluid 
ounce per bushel at right. 





degrees as suggested by Bliss?, 


Experiment 2: -- Four sorghum varieties which exhibited considerable tolerance to 
Panogen 15 injury in Experiment 1 were chosen for study in Experiment 2, Eight dosages 
ranging from 3/4 to 6 fluid ounces per bushel were applied to seed of the 4 replicates. 

Experiment 2 was conducted in the same manner as the previous experiment except that 
varieties in the present split-plot design were treated as sub-units and dosages as smallest 
units. 





RESULTS AND DISCUSSION 


Experiment 1: -- Data on emergence and on normal seedlings of 18 sorghum varieties 
following treatment with Panogen 15 at 2 dosages and 2 storage periods are summarized in 
Table 1. 

At the recommended rate of application (3/4 fluid ounce per bushel), Panogen injury to 
sorghum varieties was insignificant as shown by the high percentages of emergence and of 
normal seedlings in Table 1, However, atthe rate of 3 fluid ounces per bushel, considerable 
reduction in emergence and in normal seedlings occurred in most of the varieties. 

On the basis of emergence data or seed injury due to Panogen, varieties may be divided 
into the following groups: 





1) Tolerant (75-100 percent emergence): Early Sumac, Early Hegari, Standard 
Yellow Milo, Wild Amber. . 

2) Moderately Tolerant (50-75 percent): Combine 7078, Waxy Kafir x Caprock- 
Kaoliang, Hybrid 4788, Leoti Red, Hybrid 4747, Redlan, and Valley 
Kaoliang. 

3) Susceptible (less than 50 percent): Combine Kafir 60, Martin, Hybrid 4724, 
Plainsman, Redbine 66, Hybrid 4624, and Dwarf White Durra. 





Should seedling injury or normal seedlings be used solely as the basis of varietal re- 
action to a mercury compound, varieties would fall essentially in the aforementioned groups 
based on emergence, with a few exceptions. 

In view of the close agreement between data on emergence and on normal seedlings 
(Table 1), either one of these criteria would seem to serve satisfactorily in the present ex- 
periment as a measure for mercury injury to sorghum. However, these two variables may 
differ considerably in some instances, and joint consideration of both criteria should furnish 





2Bliss, C. I. 1938. The transformation of percentages for use in the analysis of variance, Ohio 
Jour, Sci, 38: 9-12, 

3Hsi, C. H. 1956. Toxicity of mercurial seed disinfectants to wheat, Plant Dis. Reptr. 40: 
1065-1070, 
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Table 1. Percent emergence® and normal seedlings> of 18 sorghum varieties 
following treatment with Panogen at 2 dosages and 2 storage periods. 














Name of Variety % kmer- % “mergence ~ Normal Seedlings 
or Strain sities El aoranmamoeaes stil was oe 

Check® 3/42 34 Av. 3/h, 3 Av. 
Early Sumac 94 90 80 85 100 78 89 
Early Hegari 98 87 7h 80 82 78 80 
Standard Yellow Milo 97 96 62 79 99 80 89 
Wild Amber 66 90 61 75 94, 78 86 
Combine 7078 85 i= 63 67 91 42 66 
Wx. Kafir x Cap.-Kaol. 92 72 51 61 96 78 87 
Hybrid 4788° 98 82 37 59 82 49 65 
Leoti hed 97 86 31 58 99 93 96 
Hybrid 4747° 95 gl 36 58 89 38 63 
Redlan 99 98 LU, 56 93 32 62 
Valley Kaoliang 96 90 a5 52 93 65 79 
Combine Kafir 60 98 92 4 48 86 ) 43 
Martin 9 93 1 4,7 77 0 38 
Hybrid 4.724,° 98 78 16 4,7 89 10 49 
Plainsman 96 82 1 46 85 47 66 
Redbine 66 97 85 < 43 91 0 45 
Hybrid 4624° 93 78 6 42 86 0 43 
Dwarf White Durra 95 76 3 39 100 0 50 
LSD. & 6 6 1 1 a2 6 
EsSes 26 10 10 2 20 20 a2 





@ Average of 4 plots involving 2 replications of 2 storage periods. 

b Percent of normals out of germinating seedlings. Average of 2 replications. 
¢C Treated with 3 ml. of water only. 

d Panogen at the rate of designated fluid ounces per bushel. 

€ Sorghum hybrids from Texas A& M Substation No, 8, Lubbock, Texas. 
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Table 2, Percent emergence of 4 sorghum varieties following 
treatment with Panogen 15 at 8 dosages. 














Panogen % “mergence of +reated Seed Dosage 

rate per for Variety Indicated lean 

bushel MEWS 
Combine Std. Yelk Early Lorly 

(fl. o8e) 7078 Milo Hegari Sumac 

0 50 7h 47 68 60 

3/h, 53 89 53 78 68 

13 47 | 77 50 72 62 

2 13 71 29 46 40 

3 5 35 10 23 18 

3 3/4 16 32 20 59 32 

43 4 8 7 25 11 

5 (@) 17 7 rm 7 

6 3 62 3 1 17 

L.S.D. 5% 3 3 3 3 1 

L.S.D. 1% 6 6 6 6 2 





2Average of 4 plots involving 2 replications of 2 storage periods. 


more information on mercury toxicity than either criterion alone, 

Analyses of variance for emergence and for normal seedlings yielded the following 
conclusions: 1) mercury injury was more severe on sorghum at higher dosages; 2) varieties 
differed considerably in their ability to withstand the toxic effect of the mercury compound; 
3) mercury tolerance of specific varieties was affected at different dosage levels; and 4) a 
storage period of 2 months after treatment did not result in an increase of mercury injury. 


Experiment 2: -- Results of the second experiment indicated that emergence or number 
of normal seedlings of sorghum decreased with an increase in mercury dosage (Tables 2 and 
3). The differences in emergence or in normal seedlings between the various dosage levels 
were found to be statistically significant at the 1% level. Significant differences in emergence 
also existed between different varieties. Standard Yellow Milo appeared to be most tolerant 
of mercury, followed by Early Sumac, Early Hegari, and Combine 7078 in that order. 

Emergence tended to be reduced from seed stored for 2 months after treatment, but the 
difference in emergence between the two storage periods (2 days, and 2 months, after treat- 
ment) was not statistically significant. 





Experiments 1 and 2: -- Both experiments demonstrated that sorghum varieties differ in 
their ability to withstand the toxic effect of mercury seed treatment at over-dosage levels. 
With some varieties, injury was severe at the rate of 3 fluid ounces of Panogen 15 per bushel. 
With other varieties considerable tolerance was noted even at a dosage as high as 6 fluid ounces 
per bushel, 
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Table 3. Percent normal seedlings® of 4 sorghum varieties following 


treatment with Panogen 15 at 8 dosages. 























Panogen % Normal Seedlings Dosage 
rate per for Variety Indicated Mean 
bushel as her. it hae oe 

Combine Std. Yel. Early Karly 
(fl. oz.) 7078 Milo Hegari Sumac (%) 
0) 100 100 100 97 99 
3/4 75 90 95 92 88 
13 66 78 8h 84 78 
2% 33 77 7h, 55 60 
3 66 63 62 42 58 
3 3/4 bls 45 68 48 51 
43 25 38 35 7 26 
5t fe) 5h 50 0 26 
6 0 57 0 e) U, 
L.S.D. 5% 27 27 27 27 7 
L.S.D. ls 46 46 46 46 13 





replications, 


@Percent of normals out of germinating seedlings. Averageof2 


Differences in susceptibility of sorghum varieties to mercury may be due to anatomical, 
physiological, biochemical, or ecological reasons, Should mercury compounds continue to hold an 


important place in seed treatment, it would seem appropriate to investigate the nature of mer- 


cury tolerance and to determine its mode of inheritance, 


If mercury tolerance were found to 


be a relatively simple inherited character, its addition to commercially acceptable varieties 
would be desirable from the standpoint of phytotoxicity as a factor in effective use of mercury 
seed treatment for disease control, 


NEW MEXICO AGRICULTU RAL EXPERIMENT STATION, PLAINS SUBSTATION 
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CO-OPERATIVE SEED TREATMENT TRIALS -- 19561 





J. E.| Machacek? 
Summary 


Tests with 17 new seed dressings, largely fungicide-insecticide 
combinations, showed that most were effective against bunt of wheat, and 
to a lesser degree effective against the surface-borne smuts of oats and 
barley. Control of flax seed rot was not good. Tests for phytotoxicity 
showed that storage of the treated seed for four months with most seed 
dressings was injurious to wheat, in many cases injurious to flax, and in 
a few cases injurious to oats and barley. Tests to determine the optimum 
period of storage between treating and sowing gave variable results. 


MATERIALS AND METHODS 


Seventeen new and two standard seed dressings were tested in 1956 against surface-borne 
smut and seedling blight of wheat, oats and barley, and against seed rot of flax. The tests 
dealing with smut and seed rot were carried out under experimental plot conditions at 25 sta- 
tions in Canada and the United States. The tests concerning seedling blight of wheat, oats, 
and barley, and other tests to determine the phytotoxicity of the various seed dressings and 
the minimum storage period required by the treated seed to ensure adequate control of sur- 
face-borne smut were carried out under greenhouse conditions, and at Winnipeg only. 

The seed used in these trials was as follows: Thatcher wheat artificially contaminated 
(1:200, by weight) with spores of bunt (mixed Tilletia foetida (Wallr. ) Liro and T. caries 
(DC). Tul. ); Ajax oats artificially contaminated (1:200) with mixed spores of Ustilago avenae 
(Pers.) Rostr, and U. kolleri Wille; barley (variety unknown) naturally contaminated by U. 
hordei (Pers. ) Lagerh. but with some (1:400) inoculum added; and Rocket flax with about 50 
percent of the seeds cracked in threshing. To increase the amount of smut developing in oats, 
the hulls of the seed were loosened by a 10-second violent agitation in a Knapp-Monarch food 
homogenizer set at medium speed, This processed oat seed was dried for a week before it 
was treated, 

The seed dressings compared in 1956 were the following: 








Canuck Liquid Mercury -- A fluid containing 4.2% mercury as phenyl mercury 
acetate, Distributed by Seventy-seven Oil Co., Lethbridge, Alberta. 

Canuck Organic Mercury SD -- A dust containing 5.0% mercury as mixed 
phenyl mercury acetate and ethyl mercury chloride, Distributed by Seventy- 
seven Oil Co., Lethbridge, Alberta, 

Ceresan D -- A fluid containing 2.1% mercury as mixed ethyl mercury acetate 
and ethyl mercury 2,3-dihydroxy propyl mercaptide. The product is now 
distributed by I. E, du Pont de Nemours, Wilmington, Delaware, under 
the name "Ceresan 75", 

Ceresan M -- A well-known seed dressing used here as a standard by which 
the newer dusts were judged. Contains 3.2% mercury as ethyl mercury 
p-toluene sulfonanilide, Distributed by I, E. duPont de Nemours, Wil- 
mington, Delaware, 

Ceresan § -- A fluid containing 4.5% mercury as mixed ethyl mercury acetate 
and ethyl mercury 2,3-dihydroxy propyl mercaptide. Now distributed 
under the name "Ceresan 200" by I. E. duPont de Nemours, Wilmington, 
Delaware. 

DuPont Liquid 365 -- A fluid containing 3.6% mercury as mixed phenyl mer- 
cury acetate and ethyl mercury acetate, Distributed by I. E. du Pont 
de Nemours, Wilmington, Delaware, 

Granadin -- A dust containing 20, 0% aldrin and 1.0% mercury as phenyl mer- 
cury urea, Distributed by British Schering Ltd., London, England. 














1 Contribution No, 1594from the Botany and Plant Pathology Division, Science Service, Canada 
Department of Agriculture, Ottawa, Ontario. 
2 Senior Plant Pathologist, Plant Pathology Laboratory, Winnipeg, Manitoba. 
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Table 1. Control of seed-borne disease by seed treatment(Means of all stations), 




















ne Dose (oz./bu.) © Smt (%) © Png 9 c 
No. Treatment ® Wheat Oats & Flax] Wheat Oats Bearley Flax 
barley 

1 Check (No treatment) 0.0 0.0 0.0 5.7 11.5 3.8 44.1 
2 Ceresan M 0.5 0.5 1.5 0.0 303 1463 60.4 
3 Canuck Organic Mercury SD 0.5 0.5 1.5 0.2 ee 63.1 
4 Granadir 2.0 2.0 6.0 0.3 6.8 1.5 54-3 
5 Granadin (Double strength) 2.0 1h 5.0 0.2 5.6. ish 54.0 
6 Heptachlor - HCB 2.0 14 5.0 0.6 11.8 4.1 42.5 
7 Merdrin SW 2.0 1.4 5.0 0.0 3.0 1.4 51.3 
8 New Puradrin 2.0 14 5.0 0.5 4.2 143 51.8 
9 Seventy-seven Triple A SD 2.0 1d 5.0 0.0 2.0 1.5 5505 
10 Shell Seed Dressing AM 2.0 1.4 5.0 0.2 3-3 1k 52.7 
pe | Panogen 15 0.75 0.75 1.45 0.0 Gl 13 59.0 
12 Canuck Liquid Mercury 0.75 0.75 2.25 0.0 9.3 Le 51.5 
13 Ceresan D 0.75 0.75 1.45 0.0 Tak 1.5 575 
14 Ceresan S 0.25 0.25 0.75 0.1 706 1.5 58.6 
15 DuFont Liquid 365 0.5 0.5 1.5 0.0 76 Asch 50.5 
16 Heptachlor - Mercury SI 4e5 4-5 10.0 0.1 4.9 12 45.0 
47 Mema Soluble Fowder 2.0 2.0 2.0 0.3 9.5 1.5 51.3 
18 Mema 4 NF 0.75 0.75 1.5 0.1 8.6 1.5 5423 
19 Mema - Aldrin 3.0 3.0 9.0 0.3 heb 1.4 49.0 
20 Mema - Lindane 3.0 3.0 9.0 0.5 bok Lad 45.0 
Significant difference (5%) 0.45 leh 0.5 342 











aFor treatment 14, the product was first diluted with water in proportions of 1/2, 3/4, 5/8 and 

1 1/2 pints per gal. of water for wheat, oats, barley and flax, respectively, and then applied atthe 
rate of 23cc per 10. 51b. of wheat, 8,5 1b. of oats, 10. 01lb. of barleyor 9. Oofflax. Fortreatment 
15, the proportion of product to water was double thatin treatment 14, but otherwise the treatments 
werethesame. Fortreatment17, the package (0. 83 1b. ) of powder was dissolved in 1 Imp. gal. of 
water and then applied to seed at the rate of 2, Ofluid ounces per bushel. Fortreatment 18, the prod- 
uct was diluted only when used on flax, in whichcase 3 pints was mixed with one gallon of water and 
used at the rate of 23cc per 10 lb. seed. 

b Underlined dosages chosen by writer asno suggestion was made by distributor. 


© Means for 11 tests with wheat, 14 tests withoats, 15 tests withbarley, and 11 tests with flax, 
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Table 2. Control of seed-borne disease by seed treatment (Results from 
station showing most disease}. 
Dosage (oz./bu.) Smit (%) Geraina- 
tion (%) 
Treatment 
Wheat Oats & Flax| Wheat Oats Barley Flax 
Barley 

Check (No treatment) 0.0 0.0 0.0 14-2 24.00 8.1 35.5 
Ceresan M 0.5 0.5 1.5 0.0 6.8 0.2 59.7 
Cenuca Organic dercury SL 0.5 0.5 1.5 0.2 4.6 Ol 64 3 
Granadin 2.0 2.0 6.0 0.8 16 ol 0.1 52.3 
Granadin (Double strength) 2.0 led 5.0 0.2 17-6 0.0 555 
Heptachlor - HCB 2.0 1.4 5.0 0.0 25-1 9-1 35.6 
Merdrin SW 2.0 14 5.0 0.0 5.7 0.2 49-3 
New Puradrin 2.0 led 5.0 0.5 11.3 0.1 453 
Seventy-seven Triple A SD 2.0 ld 5.0 0.0 5.5 0.0 59.6 
Shell Seed Dressing AM 2.0 14 5.0 0.0 6.8 0.0 451 
eanogen 15 0.75 0.75 1.5 0.0 12.1 0.1 55-3 
Cunuck Lituia wercury 0.75 0.75 2.25 0.2 225 Od L492 
Ceresan D 0.75 0.75 1.5 0.0 19.5 0.3 52.1 
Ceresan S 0.25 0025 0.75 0.0 16.1 0.8 5567 
DuFont Liquid 365 0.5 0.5 1.5 0.0 17-6 0.3 55.0 
Heptachlor - Mercury SP 4e5 4-5 10.0 0.1 10.1 C.0 38.1 
Mema Soluble Powder 2.0 2.0 2.0 0.7 29.0 0.6 58.7 
Mema 4 NF 0.75 0.75 1.5 0.3 21.2 0.3 40.1 
Mema - Aldrin 3.0 3.0 9.0 0.6 9-6 0.0 4502 
Mema - Lindane 3.0 3.0 9.0 1.8 9-7. 0.0 40.1 
Significant difference (5%) 2.9 7S 2s 14.6 
4 Edmonton for wheat bunt and oat smut, Swift Current for barley smut, Indian Head 
for flax seed rot, 

Granadin (Double Strength) -~ A dust containing 40.0% aldrin and 2, 0% mercury 
as phenyl mercury urea. Distrubuted by British Schering Ltd. , London, 
England. 

F Heptachlor - HCB -- A dust containing 30.0% heptachlor and 10, 0% hexachloro- 
a benzene. Distributed by Green Cross Insecticides, Montreal, Quebec. 
Heptachlor - Mercury SP -- A fluid containing 20. 0% heptachlor and 0.6% mer- 








cury as phenyl mercury acetate. Distributed by Stauffer Chemical Co., 
North Portland, Oregon. 
Mema-Aldrin -- A fluid containing 20, 0% aldrin and 0, 75% mercury as methoxy 
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Table 3. Effect of storage on germination of treated seed. 
Months in storage ® 
Treatment Wheat Oats Barley Flax 
0 4 0 4 0 4 0 4 

Check (No treatment ) 81.7 82.5 | 49-2 36.5 | 92.7 89.0 | 37.0 39.5 
Ceresan M 91.7 72.0 | 43-2 34.0 | 95.0 95.0 | 72.5 6565 
Canuck Orgenic Mercury SD 90-5 86.5 | 49-2 33-5 | 96-5 93.0 | 76.0 56.0 
Granadin 89.0 88.0 |] 43.2 37.5 | 93.5 96.5 67.5 595 
Granadin (Double strength) 90.1 7365 | 4662 43-65 | 97-7 96.0 | 80.0 70.5 
Heptachlor - HCB 86.0 70.5 | 40-5 34.0 | 90.7 88.5] 54-5 45.0 
Merdrin SW 93-0 29.0 |] 48-7 43-5 | 96.7 95-5 68.5 61.5 
New Puradrin 92-5 50.0 46.2 37.0 91.5 89.0 72-5 78.0 
Seventy-seven Triple A SD 9305 24-5 | 4925 35-5 94e2 92-5 73.0 66.5 
Shell Seed Dressing AM 88.0 50.0 | 47.0 32.5 | 45.0 98.0 | 71-5 73-5 
-Panogen 15 92.7 89.0 | 41.5 37-5 | 93.2 58.0] 69.0 56.5 
Canuck Liquid Mercury 88.5 7405 | 4567 38-5 | 9362 93-5] 68.0 69.0 
Ceresan D 94e2 7700 | 48-7 3905 | Ghe2 97-5 | TheS 4965 
Ceresan S 90-2 79.0} 4920 3465 | 9400 9405] 72-5 63-5 
DuFont Liquid 365 9402 86.0] 44-0 35.0 | 9405 94.0] 70.0 61.0 
Heptachlor - Mercury SP 50.0 25.5] 37-7 35-0 | 81.5 84-5] 50.5 3626 
Mema Soluble Fowder 87.5 71.0 | 42.0 33.0 | 94.7 90-5] 48.0 44-5 
Mema 4 NF 91.7 57-5} 48.0 31.5 96.5 92.0} 46.0 40.0 
Mema - Aldrin 80.7 265] 42-0 28.0 | Qbe2 9605 57-5 31-5 
Mema - Lindane 64.2 2.5 35-2 27.0 | 84.2 82.0 5125 5h05 
Significant difference (5%) 7.5 12.3] 8.2 DNS”! 5.5 7.9] 14.6 10.5 





a Stored in closed jars at room temperature, 


b DNS = Difference not significant, 


ethyl mercury acetate. 
Hamilton, Ontario. 





Co., Hamilton, Ontario. 





15.0% mercury as methoxy ethyl mercury acetate. 
Chipman Chemical Co., Hamilton, Ontario, 

Mema 4 NF -- A fluid containing 4.0% mercury as methoxy ethyl mer- 
cury acetate. Distributed by Chipman Chemical Co,, Hamilton, Ontario. 


Distributed by Chipman Chemical Co., 


Mema-Lindane -- A fluid containing 200% lindane and 0,75% mercury 
as methoxy ethyl mercury acetate, 


Mema Soluble Powder (Memasol) -- A powder concentrate containing 


Distributed by 


Distributed by Chipman Chemical 
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Table 4. Relation of the length of storage between treating and sowing to the percentage 
of smut in the subsequent crop, 
Days in storage 
Treetaent Wheat Oats Barley 4 
0 1 4 8 0 1 4 8 0 1 4 8 
Check (No treatment) 6.2 4.0 162 1.6 19.1 22.2 12.0 26.1 | 2.6 O 5.5 1.2 
Ceresan M 0 ie) .e) 0 4-7 10.8 507) = fel J 102 267 523 23 
Canuck Organic Mercury SD 0 0 0 0 400 264 7e2 2.0 0 0 265 265 
Grenadin 0 0 10) 0 0 4el 5el 420 1.2 1.3 0 202 
Granadin (Double strength) 0 0 C 0 ie 23 <é2 0 5A 68@ eo i 
Heptachlor - HCB ' 0 0 .¢) 0 708 13.1 6.0 15.3 |] 2.7 1.6 6.22 6.2 
Merdrin SW a = a 1.8 0 gl © | 2.3 16 0 204 
New Puradrin 0 0 0 0 hol 202 1726 0 0 So Dey Aad 
Seventy-seven Triple A SD 0 0 C 0 1505 167 603 heh | 303 be6 5-0 lel 
Shell Seed Dressing AM 0 0 0 0 2.2 44 6.8 205 203 265 2eh 202 
Panogen 15 0 0 0 1.1 2.2 15.0 12.1 2.3 2.8 0 1.2 1.2 
Cenuck Liquid Mercury 0 0 .¢) 0 10-2 662 17.1 204 | 162 2.8 2.9 led 
Ceresan D 0) 0 0 0 906 15.0 263 heh | 1-2 14 1-2 O 
Ceresan S 22 © ) 0 9 93 MOS 6 14d 23 84 
DuPont Liquid 365 0 0 0 .¢) 11.6 6.0 15.3 2.6 0 1.4 4.0 0 
Heptachlor - Mercury SP 0 0 0 0 8.8 7-5 0 0 2:7 28 it 0 
Mema Soluble Fowder .@) 0 0 0 15-2 11.1 0 0 1.2 4.0 4-5 0 
Mema 4 NF 0 0 .¢) 0 12.5 104 5.8 347 O 14 162 34 
Mema - Aldrin 1.2 0 0 0 7-3 5-2 0 0 So tc GO Ae 
Mema - Lindane 1.2 0 0 0 9.5 0 6.6 0 13 0 13 O 
Mean 0.54 0.24 O11 0.14 706 Toh 667 3-686 | 166 1265 263 lek 
Significant difference (5%) DNs * 2.9 ps * 
@ DNS = Differences not significant, 
Merdrin SW -- A dust containing 40, 0% aldrin and 2. 0% mercury 
~—ags mixed phenyl mercury acetate and ethyl mercury chloride. 
Distributed by Oliver Chemical Co., Lethbridge, Alberta. 
New Puradrin -- A dust containing 40. 0% aldrin and 1. 85% mercury 
as phenyl mercury formamide. Distributed by Niagara Brand 
Spray Co., Burlington, Ontario 


Panogen 15 -- A well-known fluid seed dressing used here as a 
standard by which other fungicidal liquids were judged. It contains 
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1.5% mercury as methyl mercury dicyandiamide. Distributed by 
Panogen, Inc., Ringwood, Illinois. 

Seventy-seven Triple A SD -- A dust containing 40.0% aldrin, 30.0% captan, 
and 2.0% mercury as mixed phenyl mercury acetate and ethyl mercury 
chloride. Distributed by the Seventy-seven Oil Co., Lethbridge, 
Alberta, 

Shell Seed Dressing AM -- A dust containing 40. 0% aldrin and 2, 0% mer- 
cury as mixed phenyl mercury acetate and ethyl mercury chloride, 
Distributed by Shell Oil Company of Canada, Toronto, Ontario. 





Most of the above products were applied at the rates, or equivalents, suggested by their 
producers, When a rate was not given the product was applied at a rate thought suitable by 
the writer. For details see footnotes to Table 1. 


EXPERIMENTAL RESULTS 


Disease Control 





The data obtained in 1956 from 11 field trials with wheat bunt, 14 trials with oat smut, 
15 trials with barley smut, and 11 trials with flax seed rot are summarized in Table 1. The 
data from the stations showing the heaviest infection for each disease are given in Table 2, 

The control of wheat bunt by the seed dressings tested in 1956 seemed to be in most cases 
quite satisfactory. Only one product (Heptachlor - HCB) was found to be somewhat weak, 

None of the seed dressings tried was capable of controlling oat smut completely, although 
some of them (Ceresan M, Canuck Organic Mercury SD, Merdrin SW, Seventy-seven Triple A 
SD, and Shell Seed Dressing AM) reduced it considerably. It is thought that the deficient con- 
trol was due to the special processing (hull-loosening) given the oat seed before it was treated, 
as the same situation was observed in 1955in another variety of oats processed in the same way. 

Only a small amount of smut occurred in barley, but none of the seed dressings used 
seemed capable of preventing the disease from developing. All of the seed dressings but one 
controlled smut to about the same degree. The exception was Heptachlor- HCB, which failed 
completely. 

Several of the products tested gave good control of flax seed rot. However, only one of 
them (Canuck Organic Mercury SD) was superior to the standard seed dressings Ceresan M 
and Panogen 15, 


Phytotoxicity to Stored Seed 





The phytotoxicity of seed dressings to stored seed was determined by comparing the 
percentages of "normal" seedlings obtained with seed that had just been treated with those 
percentages obtained with seed treated and then kept at room temperature in closed glass 
jars for 4 months. The sowings at the beginning and the end of the storage period were in 
duplicate (2 x 100 seeds) and the seed was sown in large beds of unsterilized soil in the green- 
house. 

The results of the above comparison are shown in Table 3. In the test with wheat, 15 
of the 19 products appeared to be phytotoxic to some degree, Canuck Liquid Mercury, Cere- 
san D, and Ceresan S were slightly phytotoxic; Ceresan M, Granadin (Double strength), Hep- 
tachlor - HCB, New Puradrin, Shell Seed Dressing AM, Mema Soluble Powder, and Mema 
4 NF were moderately phytotoxic; Merdrin SW and Heptachlor - Mercury SP, were severely 
phytotoxic; and Seventy-seven Triple A SD, Mema-Aldrin, and Mema-Lindane were very 
severely phytotoxic. It is possible that the wheat seed used was particularly susceptible to 
chemical injury, but otherwise it was seed of high quality, being "Registered No. 1" seed of 
the 1954 crop. There was no clear evidence that any of the products tested were phytotoxic 
to oats, and only one product (Panogen 15) appeared to be phytotoxic to barley. The germina- 
tion of treated flax was in some cases adversely affected by storage, but not as much as 
wheat, Ceresan D and Mema-Aldrin seemed to be the most injurious. 
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Duration of Post-treatment Storage of Seed 
in Relation to the Occurrence of Smut in the Subsequent Crop 








It has been recommended in Canada for many years that wheat, rye and flax seed should 
not be sown for at least one day, and oats and barley seed for at least a week, after treatment, 
The difference in the recommended duration of post-treatment storage was based on the theory 
that in wheat, rye and flax the most important seed-borne pathogens are carried on the seed 
surface, while in oats and barley they may lodge under the hulls and then a longer period of 
exposure is required for the fungicide to penetrate to the spores. The soundness of this rea- 
soning has been tested for several years, with variable results. In 1956, the results obtained 
(Table 4) were again inconclusive. Very little smut developed in wheat, even when the seed 
was not treated, but smut developed well in oats where there was an over-all tendency for less 
smut to appear when the seed was stored than when it was not stored. Some of the treatments 
appeared to be much more effective against smut than others, the criterion being the per- 
centage of smut developing in the crop from seed stored for 8 days. 

The data obtained from a test with barley are of no value with respect to this problem, 
as the percentage of smut thatdeveloped was small, and that which did appear was distributed 
very evenly among the different treatments, The variability in the results suggests that the 
problem of pre-sowing storage should be studied in much greater detail, with special em- 
phasis being laid on the relation of chemical volatility to the speed of fungicidal action. 
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“EFFECT OF SOME FUNGICIDES ON SEEDLING 
DISEASES OF COTTON IN THE IRRIGATED 
DESERT VALLEYS OF SOUTHERN CALIFORNIA 
= 


7 
Donald C.\ Erwin, W. P. Sappenfield, and Robert Kortsen!: 2 














Summary 


In 1954 PCNB, used as a spray treatment in the row at planting time, 
increased the percentages of emergence and survival of cotton plants in 
a field test in which the treated rows had previously been infested with an oat 
culture of Rhizoctonia solani. Nabam increased emergence, but the total 
survival of plants recorded 1 month after planting was not statistically dif- 
ferent from the check. In 1956 soil was infested with both R. solani and 
Pythium sp., but only R. solani appeared to be pathogenic in this test. Each 
of the row treatments, PCNB, PCNB plus captan, PCNB plus zineb, PCNB 
plus Ceresan 200, and zineb (nabam reacted with zinc sulfate), induced a 
higher percentage of emergence and survival of plants than no treatment, 
The results due to treatments did not differ statistically from each other. 
Several complicating factors involved in field testing in southern California 
should be considered in evaluating fungicidal row treatments on a practical 
scale, These are: erratic incidence of disease, poor physical condition of 
the seed bed, high salt concentration in some soils, and crusting of soil over 
seed. Differences due to fungicides in some field tests were obscured be- 
cause of variation which could be attributed to environmental factors. 











INTRODUCTION 


Several studies have shown the efficacy of certain fungicidal soil and row treatments on 
cotton to control post-emergence seedling diseases (1, 2, 3,). A field study of the effect of 
fungicidal row treatments on cotton at planting time was begun in the Imperial Valley of 
southern California in 1954, In some areas replanting of cotton has been necessary for suc- 
cessful establishment of stands; however, seedling diseases have not appeared to be limiting 
except on certain farms. Abnormally cool soil temperatures or the planting of cotton follow- 
ing alfalfa or sugar beets have sometimes favored an increase in the incidence of seedling 
diseases. Occasionally Pythium spp. have been isolated from diseased seedlings, but in the 
majority of cases Rhizoctonia solani has been responsible for seedling loss. The results of 
two field experiments in which the effect of fungicides applied in the row was tested, and ob- 
servations made during the execution of several other field experiments, are presented in this 


paper. 





METHODS 


In 1954 and 1956 field tests were conducted at the Southwest Irrigation Field Station of 
the United States Department of Agriculture at Brawley. In 1954 the test was set up as a ran- 
domized block with 5 replications. One row of each plot (20 feet in length) was infested with 
50 gm of a culture of Rhizoctonia solani grown on oats, dried and ground to a powder with a 
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County, El Centro, California, respectively. 

2 The authors wish to acknowledge the assistance of Dr. L. D. Leach, Department of Plant Pathology, 
University of California, Davis, California for advice concerned with selection of certain of the 
chemical treatments, and to express appreciation toC. T. Lange and B. K. Kennedy, Senior Labora- 
tory Technicians, and Jackson Davidson, Extension Field Technologist, University of California 

at Riverside for field-plot assistance, 
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Table 1. Effect of several fungicides applied in the row in soil 
artificially infested with Rhizoctonia at planting time on 
cotton in 1954. 








Dosage 
Fungicidal Concen- actual Ave. Ave. 
Treatment tration fungicide / emer- Survival 
acre - row # gence 
y. 9 Ids Pp y 9 

No treatment - - 24.0 19.4 
PCNB (Emulsion) 20 2.6 uS.6e% © LS. Gane 

NB plus 75 3.7 42. 6+ 41. Sse 
Vermiculite 
(116 lbs/acre) 
Vermiculite - ~ 27 2 23.2 
(116 lbs/acre) 
Captan 75 4.1 35.2 30.2 
Nabam 19 1.23208, * 39.6% 31.4 
Zineb 65 34 33.8 30.0 
Thiram 75 3.1 19.4 Wek 
Vaneide 51 (Zw) 75 2.8 30.0 26.0 
Maneb 57 3e3 26.6 24.2 
HE 177 100 2.9 13.6 10.6 
Panogen 2.2 2.5 gal. © 5.2 3.2 
Panogen 2.2 0.7 gal. © 24.8 17.0 





4 One acre equals 13,081 linear feet of row. 
b LSD 1% level of significance 18, 4** 
5% level of significance 13, 7* 
Cc Dosage of nabam and Panogen given in terms of the commercial material. 


Wiley mill equipped with a 2 mm screen. Inoculum was placed about 2 inches below the sur- 
face of the soil just prior to planting. The adjoining row was not infested. One hundred acid- 
delinted seeds (treated with Ceresan M® at a rate of 3 0z/100 lbs. ) of the variety Acala 4-42 
(82 percent germination) were dropped by hand through a tube in each row at a depth of about 
1 to 2 inches on raised beds. Rows were 40 inches apart after planting; the land was irrigated. 
All fungicides were suspended in water and applied at a rate of 14 gallons per acre through 
one No, 6503 T-jet nozzle at 20 pounds pressure, The spray was directed behind the planter 
shoe into the moving soil covering the seed. PCNB was also applied in one treatment by mix- 
ing the 75% wettable powder with fine finish-grade Vermiculite which was applied through a 
tube on top of the seed. 

In 1956 the methods were essentially the same except that the soil was infested with two 
pathogens of cotton seedlings, Rhizoctonia solani and a Pythium sp., at the rate of 1/2 pint of 
fresh oat inoculum of each fungus per plot (35 linear feet) and placed 3 inches below the sur- 
face of the soil in the bed 2 weeks prior to planting. Fungicidal suspensions were sprayed at 








3CeresanM: N-(ethylmercuri)-p-toluenesulfonanalide. 
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Table 2, Effect of several fungicides applied in the row at planting 
time on cotton in 1956 (soil artificially infested with 
Rhizoctonia and Pythium sp, )@, 











Dosage 
Fungicidal Concen- actual Ave. Ave. 
treatment tration fungicide/ emer- survival 

acre-row gence 

% lbs 4 

No treatment - - 3 °° °° 
PCNB 75.0 3.0 68 66 
PCNB plus 75.0 3.0 71 70 
captan 50.0 1.5 
Nabam plus 1.0 gal.@ 57 54 
ZnSO), 22.8 (ZN) 1.5 
PCNB plus 75.0 3.0 a 64 63 
nabam plus 1.0 gal. 
2nS0), 22.8 (Zn) 1.5 
PCNB plus 75.0 3.0 a 59 59 
Ceresan 200 0.06 gal. 





4 Despite artificial infestation of the soil, Pythium sp. did not appear to 
be active. 

bOne acre equals 13,081 linear feet of row. 

¢ Since emergence and survival data in the non-treated plots were con- 
sistently much lower than the data for the plots treated with fungicides, 
the ''no treatment" item was notincludedin the analysis. Differences 
between treatments were not Significant, 

d Dosage of nabam and Ceresan 200 given in terms of volume of the com- 
mercial material, 


23 pounds pressure into the planting row through two nozzles (a T-jet X-6 cone directed 
behind the shoe and a 6501 fan which sprayed the covering soil), An attempt was made to 
treat a band of soil approximately 2 inches wide and 2 inches deep, Pressure was developed 
by a No, 6500 Hypro Nylon roller pump attached to the power take-off of the tractor, One 
hundred fifty seeds of acid-delinted cotton seed (84 percent germination), treated with Cere- 
san M at a rate of 3 ounces per 100 pounds seed, were planted by hand through a tube in each 
row at a depth of about 2 inches, Active ingredients of the fungicides4 used were as follows”: 


PCNB -- pentachloronitrobenzene 

Captan -- N-(trichloromethylthio)-4-cyclohexene-1, 2-dicarboximide 
Nabam -- disodium ethylenebis [dithiocarbamate] 

Zineb -- zinc ethylenebis ! dithiocarbamate] 








4 Appreciation is expressed to those supplying the follow ing fungicides: captan, CaliforniaSpray- 
Chemical Corporation and Stauffer Chemical Co. ; Ceresan 200, E. I. du Pontde Nemours and Co. ; 
PCNB (Terraclor), Olin Mathieson Chemical Co, ; Panogen, PanogenInc, ; Nabam (D-14), Zineb 
(Z-78), HE 177, andManeb, Rohm and Haas Co, ; and Vancide 51 (ZW), R. T. VanderbiltCo. Inc, 

5 Exceptfor Ceresan 200 and PCNB the chemical names were obtained from the list in: McCallan 
S.E.A., Lawrence P, Miller, and Mary A. Magill. 1955. Chemicalnames for active ingredients 
offungicides, Phytopathology 45: 295-305. 
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Thiram -- bis(dimethylthiocarbamoyl) disulfide 

Vancide 51 (ZW) -- zinc dimethyldithiocarbamate, zinc derivative of 
2-mercaptobenzothiazole 

Maneb -- manganous ethylenebis[{ dithiocarbamate] 

He 177 -- copper ethylenebis dithiocarbamate] 

Panogen -- cyano(methylmercuri)guanidine 

Ceresan 200 -- a solution containing ethyl mercury 2, 3-dihydroxy 
propyl mercaptide 6.0%; ethyl mercury acetate 1. 3%. 





Seedling counts were made three times in both tests. Percentages of emergence and 
survival were calculated by dividing the number of plants recorded by the number of seeds 
planted. 


RESULTS 


1954 Test -- In the non-infested, non-treated rows a total of 61.6 percent of the plants 
emerged and survived, There was little evidence of post-emergence seedling disease in 
non-infested plots; however, at the 5% level of significance a greater percentage of emergence 
occurred in plots treated with zineb, thiram, Vancide 51 (ZW), HE 177, and Vermiculite, The 
fungicides may have prevented pre-emergence seedling disease; however, the action of the 
Vermiculite was not clear, but may have been due to an improvement of the physical condition 
of the soil above the seed. It did not show any fungicidal effect on the infested plots. Since 
there was little evidence of post-emergence infection in the non-infested plots, emergence 
data was omitted from Table 1. 

The incidence of seedling disease in the infested plots was high (Table 1). In the non- 
treated plots infested with Rhizoctonia only 24.1 percent of the seed emerged and the survival 
was 19.1 percent. PCNB as a water spray and also on a Vermiculite carrier induced a 45, 6 
and 42,6 percent emergence and survival respectively in the infested plots, These data were 
significant at the 1% level, Placement of the large amount of Rhizoctonia inoculum immediately 
below the seed prior to planting may have accounted for the relatively low emergence (45. 6 
percent) in these plots. The compound appeared to protect seedlings following the post-emer- 
gence period. Nearly as many of the plants in the nabam-treated plots emerged, but death of 
plants following emergence reduced the stand from 39.6 to 31.4 percent. This indicates a 
lack of residual action on the part of nabam. Percentages of total healthy plants in plots 
treated with the other fungicides were not statistically greater than in the non-treated plots, 

Panogen at the high dosage of 2.5 gallons per acre of the 2,2% material was highly phyto- 
toxic. A lower dosage of 0.7 gallons per acre was not phytotoxic, but it did not control Rhi- 
zoctonia, as indicated by the low percentages of emergence and healthy plants in infested _ 
plots, 

None of the other materials showed phytotoxicity. 


1956 Test -- The incidence of disease was severe enough to provide an effective test for 
the fungicides only in the plots artificially infested with Rhizoctonia and Pythium sp. The per- 
centages of emergence and survival of plants were much greater in infested plots treated with 
fungicides than on those not treated (Table 2), although the fungicidal effects of different fungi- 
cides did not differ statistically with each other. No injury due to any fungicide was noted in 
these plots. 

There was no evidence of seedling disease in the non-infested plots, where there was 
76 percent emergence, Since there was no evidence of post-emergence disease in the non- 
infested soil, data are omitted from Table 2, 

Samples consisting of 10 plants each were taken from every infested plot and examined 
for the presence of hypocotyl cankers, In the treated plots the percentage of plants with can- 
kers varied from 9 to 31 (not significant), but in the non-treated plots, 58 percent of the plants 
had cankers. The difference between non-treated and treated plots was statistically signifi- 
cant at the 1% level. 

Three weeks after planting the infested non-treated rows were replanted. Emergence 
counts 3 weeks later showed nearly as poor a stand as with the first planting. This indicated 
that the inoculum potential of Rhizoctonia was still high 71 days after being placed in the soil. 

Reisolations from plants with stem cankers produced an abundance of Rhizoctonia 
cultures, but the Pythium sp. was not recovered. As high a percentage of emergence occur- 
red in plots treated with PCNB alone, which is relatively ineffective against Pythium but ef- 
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fective against Rhizoctonia (5, 7), as in those treated with a mixture of PCNB and captan, 
which is effective against both Rhizoctonia and Pythium (according to unpublished work by 
Dr. L. D. Leach, University of California at Davis), It appeared that under these conditions 
Pythium either did not survive or was not a causal agent of seedling loss. 





COMPLICATING FACTORS INVOLVED IN FIELD TESTING 
IN SOUTHERN CALIFORNIA 


In a discussion of field testing of fungicides in the southern California desert valleys, it 
is necessary toconsider several factors other than fungal pathogens which affect the ultimate 
stand of cotton plants. 

One of the most important factors is the erratic occurrence of disease in the field. Some 
generalizations can be made to explain this. Cotton seedling diseases often appear to follow 
the concept evolved by Leach (6) to explain pre-emergence seedling loss of some other crops. 
Cool soils in the spring are relatively more unfavorable for growth of cotton than for the fun- 
gus Rhizoctonia solani, which results in an increase in the incidence of seedling disease, 
When soils are warm, cotton is favored relatively more than the pathogen and a lower inci- 
dence of seedling disease occurs. Fulton et al, (4) showed that Rhizoctonia solani was more 
active at lower temperatures than Colletotrichum gossypii, Sclerotium bataticola, or Rhizo- 
pus sp. on cotton seedlings. Cotton, following a rotation of alfalfa or sugar beets, is some- 
times damaged by seedling disease. Unfortunately no method is available for predicting dis- 
ease occurrence accurately. 

Soil temperatures that are too low for optimum growth of cotton seedlings may also be 
associated with loss of stand. In 1955 a test was conducted on the United States Department 
of Agriculture Southwest Irrigation Field Station at Brawley which was similar to the one de- 
scribed for 1956 except that no inoculum was incorporated into the soil. Soil temperatures fol- 
lowing the March 15, 1955 planting date were abnormally low, ranging from 42° to 60° F at 2 
inches in depth. Despite the use of the row treatments, PCNB, captan, nabam, zineb, maneb, 
PCNB plus maneb, PCNB plus nabam, or PCNB plus captan, the maximum emergence was 
only 27 percent. No evidence of control was exhibited by any treatment. It appeared that fac- 
tors other than Pythium or Rhizoctonia were responsible for the loss of stand. 

Some other factors that affect the cotton stands in the desert valleys are poor physical 
condition of the seed bed, too great a planting depth, crusting of soil, and high salt concentra- 
tions in soil. Of the experiments conducted during the past 3 years, seven were placed on 
farms where soil physical factors or salty soil completely erased any differences due to con- 
trol of soil-borne pathogens by fungicidal treatments. Fungicidal treatments under these con- 
ditions would not have been practical. 

These negative results serve to show that in evaluation of the possible effect of fungicides 
used in the row in the irrigated desert valleys other physical factors which also affect stand 
should be taken into consideration. The value of fungicides on a practical scale will be de- 
pendent on whether or not seedling diseases are the major primary cause of seedling loss. 














DISCUSSION 


The data from two experiments, in which Rhizoctonia inoculum in 1954 and both Rhizoc- 
tonia and Pythium in 1956 were incorporated in the soil before planting and row-treatment with 
fungicides, indicate that PCNB shows promise as a control for Rhizoctonia. In 1956 nabam 
reacted with zinc sulfate (zineb) performed nearly as well as PCNB. Zineb did not do as well 
in 1954. In 1956 combinations of PCNB with captan, PCNB with zineb, or PCNB with Ceresan 
200 did not increase the quality of control as compared with PCNB alone. Under the conditions 
of these tests PCNB alone performed well. This may be due to the low incidence of post-emer- 
gence damping off caused by Pythium spp. In a majority of cases only Rhizoctonia has been 
isolated from diseased seedlings in southern California, The reason for the lack of activity of 
the Pythium sp. used in the 1956 test is not known, 

Although field testing of fungicides in artificially infested soil is not a natural method, it 
has provided much more information than other. tests in commercial fields where the incidence 
of disease was erratic, and interaction of environmental factors (salty soil, poor physical 
condition of the soil, and crusting due to faulty irrigation) was not controlled. Of nine experi- 
ments conducted in the field in the Imperial and Palo Verde Valleys, the only ones that have 
provided usable information concerning the control of seedling diseases were those in which 
artificial inoculum was incorporated into well prepared, low salt content soil on the United 
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States Department of Agriculture Southwest Irrigation Field Station, Other factors (in 
addition to soil-borne pathogens) which influence the production of a satisfactory stand of 
cotton plants must be recognized when evaluating the practicality of fungicidal row treatments. 
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EPIDEMICS OF POWDERY MILDEWS IN ARKANSAS IN 1956 WITH 
SPECIAL REFERENCE TO POWDERY MILDEW ON WINTER OATS! 








H. R. Rosen 
Abstract 


A severe epidemic of pwodery mildew on winter oats occurred at the 
Main Agricultural Experiment Station farm, Fayetteville, Arkansas, in 1956. 
Similar epidemics also occurred on barley and wheat, as well as on numerous 
other cultivated plants. A list of important breeding numbers of winter oats 
and of established winter oat varieties is presented with their reaction to pow- 
dery mildew. Among well known varieties, Victorgrain 48-93 and the Red 
Rustproof strains showed a high degree of resistance, as did numerous breed- 
ing numbers, 





The year 1956 may well be designated as the year of the powdery mildews in Arkansas, 
Many different types of plants were infected including among ornamental plants, rose, crape 
myrtle, zinnia, lilac and snapdragon;fieldcrops such as clovers, lespedezas, blue grass and 
orchard grass; fruitcrops such as apple, grape and strawberry; vegetables such as edible pea 
(cowpea), snap bean, and cucurbits; and above all the small grains including barley, wheat, 
and oats, 

This year marks the first epidemic of powdery mildew, Erysiphe graminis avenae, ever 
observed on oats in the field in Arkansas. It was present in epidemic proportions at the Ex- 
periment Station farm, Fayetteville. In contrast to the State as a whole, which showed merely 
traces of mildew on oats, the nurseries at Fayetteville were so severely infected that excel- 
lent opportunity was afforded for observing differences in susceptibility or resistance which might 
exist in winter oat varieties. 

Why the Main Experiment Station farm should show so much powdery mildew on oats 
when the remainder of the State had merely a trace can only be conjectured. The month of 
April is usually the one in which winter oats make most of their growth, It is also the one in 
which most of the powdery mildew developed in 1956. It so happened that this month was ex- 
ceptionally cool over most of the State, and particularly so at the Main Station where the mean 
was the lowest in the State and where the temperature departure from a long term average 
reached -4,1° F, The average temperature was 54.8°. Precipitation was also below average, 
the total measuring 4.15 inches, a departure of -0.51 inches. About half of this fell in one 
day so that the month was quite dry, much like the year as a whole. It is possible that the low 
mean temperature in April at the Main Station coupled with relatively dry conditions will ex- 
plain the severity of the epidemic at this location, 

The recent work of Rogers (2) on powdery mildew of roses indicates that free moisture 
present on the foliage inhibits powdery mildew development. If this is correct then the rela- 
tive absence of rainfall and of heavy dews, the absence of the latter being associated with rela- 
tively low mean temperatures, might explain the extraordinary epidemic on oats as well as on 
many other plants including roses. On roses the epidemic was so severe that varieties such 
as Bonfire, Paul's Scarlet Climber, and Miriam's Climber, that had been considered resistant 
to powdery mildew, developed a considerable amount of this disease. 

In Table 1 there is recorded the reaction of winter oats to powdery mildew at the Main 
Experiment Station, the data being confined to important varieties and breeding numbers 
present in the nurseries and located in those parts of the field where the infection was fairly 
uniform as judged by the check rows of the Lee variety. These checks were present in every 
tenth row, the rows being one foot apart. If no powdery mildew appeared on nearby Lee, the 
adjoining varieties were not recorded or were recorded with a question mark. Five types of 
reaction were recognized, ''0"' standing for very slight or no signs of powdery mildew or 
darkish flecks or streaks, presumably representing highly resistant varieties; oa. Ser slightly 
larger areas of infection on blades or sheaths but with sparse mycelial development, repre- 
senting moderately resistant varieties; "2", for somewhat greater abundance than in "1"' with 
more compact massses of mycelium, presumably representing slightly susceptible varieties; 








1 Published with the approval of the Director of the Arkansas Agricultural Experiment Station. 














Vol. 41, No. 4--PLANT DISEASE REPORTER--Apr, 15, 1957 


Table 1. Degree of resistance and susceptibility to powdery mildew of 
winter oat varieties grown in nurseries at Main Experiment 
Station farm, Fayetteville, Arkansas, 1954. 





Veriety or 


Reaction type 





breeding no. Parentage 

Lee Winter Turf x Aurora 
Arkwin Tenn. 1922 x Bond-Jogold 
Arlington (Lee-Victoria) x Fulwin 
Traveler Victoria x Custis 


Chahe1-3~2" 


Fla.695-22-2-1-1-1* wWintok2@ 


Fla.695-22-2-1-1-2* 


x Cl.°-SF. x Minn. 
x Land. 


" 





*Present in one rod row 


Landhafer 
Ch-4-1-3-3 * ” " 
Ch-h-1-6-1-1 " " 
Ch-l-1-6-1~-2 " " 
Ch.--1-6-1-3* n " 
Ch-y-1-6-1-) " " 
Ch-l-1-6-1-5a " n 
Ch-h-1-61-5b* " n" 
Ch-h-1-4-1-6* " n 
Ch--1-6-1-7 * " " 
Ch-h-1-6-1-8* " " 
Chly-1-6-129 0 u 
Ch-y-2-8 " " 
Chala? -22<1 (C.I. 4382-Bonda) 
Landhafer 
Ch-=2 -25-2-1 " " 
Ch-4-5-1 " w 
Ch-y-5-7-3-1-1* " " 
Ch-y-5-7-3-)) " " 
Cl-h=5-9-1* ° ° 
Ch-ly-5-2<1 n n 
Ch-y-A-Le1 " n 
Ch-4)-6-1-2* " my 


(C.I. 4382-Bonda) x 


3 


Ww Ww Ww 


) 
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Table 1 (Continued) 





Variety or 
breeding no. 


Parentage 


C. I. mo. 


Reaction type 





Fla.696-1-1-3-5 
Fla.696-1-1-5-1 


Fla.696-2-1-5-1* 
Fla.696-2-1-5-2 
Fla.696-2-1-5-3* 
Fla.696-2-1-7-1" 
Fla.697-1-2-2 
Fla.697-2-1-1 
Fla.698-1-1-1 
Fla.700-6=1-2 


Fla. 700-6-1-3 
Fla.700-6-1-6-1 


Fle.700-6-1-7-2* 
Fla.700-6-1-7-),* 
Fla.700-6-1-16-1 
Fla.790-6-1-17-8-1* 
Fla. 700-6-1-17-9 
Fla.790-6-1-17-10-1 
Fla. 700-6-1-19-1 
Fla.700-11-1-3-1 
Fla. 700-16-1-1-1-1* 
Fla. 799-16-le-1-4-1* 
Fla.790-14-1-2-3-7# 
Fla.79-16-1-2-3-13* 
Fla. 700-16-1-2-3-20* 
Fla.700-16-1-2-5-1* 
Fla, 70-16-2-2-2* 
Fla. 700-16-2 -2-3-2* 
Fla. 700-16-2-2-52* 
Fla. 700-16-2-3-1-1* 


Fla, 700-16-2-3-3-1* 


Fla. 700-16-2 -3-),-1* 


Wintok x Minn.0-200-10 x SF. 


" " " 
n " uv 
" u " 
" " " 
" 1) " 
" " " 
" t " 
" " n 


Forkedeer x Minn. 0-362-3 


Forkedeer 


x SF. 


" 


x Minn, 0-362=3 


“ of n 
won " 
" o4 n 
" " 
n on " 
n n 
" n n 
n WM " 
n ow " 
" n " 
n on n 
a " n 
n on " 
non 8 
no " 
uo " 
n on n 
n on " 
w 68 i) 
uon " 


.e) 
2 


3 
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Variety or 
breeding no. 


Parentage 


Reaction type 





Fla.79%-16-2-3-),-2 
Fla. 700-16--3-10 
Fla.700-16-4-3-12 
Fla.700-16-4-3-18* 
Fla.700-16-4-3-28 
Fla.700-16<l<!)-12 
Fla. 700-16-4-6<3 
Fla. 700-16=)-8-17* 
Fla.700-16l-9=1-1 


Fla.700-16-)-10-1, 


Fla.702-5-3-1-11-1* Forkedeer 


Fla. 702 ~6=2-y-y-1* 
Fla. 702-6-2-5-h<1 
Fla.702-7-2-l-1-1 
Fla. 702-7-2-1-5-1 
Fla. 702-7-2-1-8-1 
Fla. 702-7-2-1-21-2 
Fla. 702-7-2-1-25-1 
Fla. 702-7-2-1-25-2 
Fla. 702-7-2-1-25-3 
Fla. 702-11-1-1-1* 
Fla.792-15-1-7-8-1 
Fla.702-15-1-9-2 
Fla. 702-15-1-9-9-2 
Fla. 702-15-1-9-13 
Fla. 702-15-1-9-15-1 
Fla.702-15-1-12-5-1 
Fla. 702-15-1-13-1-2 
Fla.702-15=1-13-5-1 
Fla. 702 -2-1-1-2 


Fla. 702-30-1-1-9-1* 


Fla. 702-30-1-6-1 


Forkedeer x Minn,0-362-3 
x SF. 


x Minn, 19-11 


" 


- @& 8¢ 8 


wr 


l 


° 


ow CO OwW lw 
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Table 1 (Continued) 





Variety or 
breeding no. 


Parentage 


C.I. no. 


Reaction type 





Fla.702-30-1-8-1* 
Fla. 702 -30-1-10=2 
Fla.702-30-1-1y-1 
Fla. 702-30-1-15-5-3 
Fla. 702-30-1-15-6 
Fla. 702-30-1-15-7 
Fla. 702 -30-1-15-8-1 
Fla. 702-39-1-15-9 


Fla. 702-30-1-15-11 


Forkedeer x Minn. 19-11 


" n oon " 
i] " " " 
u n u Li 
" " " " 
t no " 


" "on " 


" " " n 


Varieties and Selections in the Uniform 
Central Area Winter Oat Experiment, U.S.D.A. 


Victorgrain 8-93 
Victorgrain 8-93 sl. 
Fultex 


Tex. 62-16-20 


Appler 

Miss. Stoneville sl. 
Miss. P.S.C. Strain 
DeSoto 

Stanton Str. 1 
Fulwin Composite 
Fulwin Composite 
Mustang 

Bronco 

Sel. 3770-1 
Arlington (see above) 
C.I. 6604-6 


X51LB-3 


C.I. 6602-47 


C.I. 6602-57 


(Victoria x Haj.-Banner) 


x Fultex 


New Nortex x Landhafer 


Nortex x Trelle Dwarf 


(Lee-Victoria) x Fulwin 


" n " 


Atlantic x (Clinton*- 
Santa Fe) 


(C.I.4658 x Cl? x SF) x 
(Bonda x H-J x SF) 


Letoria x (Clinton* x 
Santa Fe) 


" " " " 


7125 
6977 
3531 
7142 


1815 
6998 
6729 
3923 
3855 
6993 
6995 
4660 
6571 
6717 
4657 
7138 


7137 


7140 


7141 


i 


~ 


ta - Ww w Ww 


see above 
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Table 1 (Continued) 
Variety or 
breeding no. Parentage C.I. now. Reaction type 
Resel. of C.I. SuSh Winter Turf x (Clinton@ 7139 3 
x Santa Fe) 
Tex. 119-50-8 Tennex x (Victoria x Haj.- 699) 4 
Banner ) 
Tex. 119-50-12 "oon _ © © Th \ 
Miss. S.C. 16-l-A-2 (C.I. 4383-C.1. 4189) x 7136 4 
Landhafer 
| Varieties and Selections in the Uniform 
Northern Winter Oat Experiment, U.S.D.A. 
LeConte 5107 4 
Dubois 6572 4 
(Lee-Victoria) x Forkedeer 6903 4 
e . * ° 690) 3 
Purdue RA\7A2-13 Clinton-Forkedeer-Wintok- 6983 4 
Ark. 67) 
Purdue RBy7A4-7 " ° ° 698), 4 
Bronco 6571 see above 
3770-1 6717 ° . 
Lee 2042 ° e 
Mustang 4,660 bd " 
Coy 4,600 h 
Stanton: Okla. Str. 6902 h 
Cimarron 5106 3 
Okla. Str. 51371, Cimarron x Traveler 7128 2 
Ballard 6905 4 
Wintok 32h 4 
Ky. 53-368 (Traveler x Red Rust.- 7132 u 
Vict.-Rich.) x Ful. x Wintok 
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and ''3" as well as "4", for thick sporulating mats covering large parts of the leaf areas, 
representing completely susceptible varieties, the ''4"" standing for the greatest amount of 
mildew, occupying 50 percent or more of the total leaf area including the flag leaves. The 
latter were mostly free from infection, Three readings were made on all important varieties 
and selections, the first on April 25 and the last on May 11. 


Since randomized replicates were present for quite a few of the varieties and selections 
shown in the Table, it was possible to check the readings in any one replicate with those of 
others, With some exceptions, the reaction recorded for any one variety or in one replicate 
checked fairly closely with that of the other replicates, The reactions recorded as "0", 

"1", "3" and ''4" can be considered as a fairly reliable index of resistance or susceptibility. 
On the other hand the reaction recorded as ''2" is not as reliable. Where a selection was 
present in only one row, it is so noted in the Table, 

It needs to be noted that the list given here is based wholly on field reactions of plants 
that were heading or in various stages of maturity, while two other lists that have appeared 
within recent years in this country reported seedling reactions obtained under greenhouse 
conditions, the one from Iowa by Finkner, Murphy and Atkins (1) and the other from Indiana by 
Schafer, Caldwell, Compton and Patterson (3). Notwithstanding these differences, where the 
same varieties are dealt with there is some agreement, as for example, Appler (C.I. 1815), 
for which all 3 lists record resistance although the Iowa list indicates moderate resistance 
while the Indiana list as well as the present one show a rather high degree of resistance. As 
Schafer et al. have noted, the Iowa list presents a lower degree of resistance in many lines, 

Wherever a Red Rustproof appeared in the field tests here recorded, including Appler in 
10 replicates of 3 rod-rows each, and Nortex x Trelle Dwarf in 5 replicates, as well as in 
closely related derivatives, it was highly resistant, If a resistant parent is wanted, this 
appears to be an excellent source. Victorgrain 48-93 also offers a high degree of resistance, 
as do a fairly large number of selections presented in the table. Many of the latter are of | 
special interest because they combine resistance to prevalent races of crown and stem rusts 
and to Helminthosporium blight. Some of them also possess smut resistance, 
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2 Since the above was written and accepted for publication, anarticle by W. H. Chapman, H. H. 

Luke and A, T. Wallace has appeared (]956 Oat Newsletter: 35) in which asevere epidemic of pow- 
dery mildew was noted in an oat breeding nursery in Floridain 1956, Asin Arkansas, these workers 
found the Red Rustproofs and Victorgrain 48-93 to be highly resistant. 
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~» LEAF MOTTLE OR VERTICILLIUM WILT,OF SUNFLOWER 
i i’ 
W. Ei Sackston, W. C. McDonald, and John Martens? 


Summary 


Leaf mottle disease of sunflower was first recognized in Manitoba in 
1948. It was conspicuous in sunflower fields in 1949 and 1953, and preva- 
lent and destructive in 1954, The most characteristic symptom on adult 
plants is an inverveinal chlorosis, followed by necrosis, which gives the 
leaves a mottled appearance. Symptoms appear first on the lower leaves, 
then progressively upwards along the stem, Severe attacks may result in 
premature ripening and death of the plants and reduced yields of seed, 
Early infection results in wilting, stunting, and early death of the plants, 
often without the characteristic leaf mottle symptoms, The causal organ- 
ism was shown by isolation and inoculation experiments to be Verticillium 
albo-atrum Reinke & Berth, It is soil borne, and apparently can survive 
and attack sunflowers under Manitoba conditions even after several succes- 
sive grain crops, 





Sunflowers have been grown on a commercial scale in Manitoba since 1943, but it was 
not until 1948 that systematic studies on sunflower diseases, and regular disease surveys, 
were initiated by the senior author, In 1948 a disease not previously described on sunflowers 
in North America was found in Manitoba, and named "Leaf mottle" (5). Leaf mottle was 
fairly prevalent in 1949; scarce in 1950, 1951, and 1952, and conspicuous. again in 1953 (6, 
7, 8, 9, 10). In 1954, leaf mottle was prevalent and severe in the main sunflower area of 
Manitoba; fields with a high incidence of the disease yielded only 200 to 300 pounds of seed 
per acre, contrasted with yields of 500 to 600 pounds per acre from relatively disease-free 
parts of the same fields and from nearby fields (11). In 1955 the disease was again relatively 
inconspicuous in most farm fields (12). Leaf mottle was present in a number of fields, and 
severe in several, examined during a short survey made in 1956, 


SYMPTOMS 


Leaf mottle has been recognized in farm fields as a disease of adult plants; characteristic 
symptoms usually are apparent when the plants are at or near the flowering stage. Symptoms 
develop first on the lower leaves, starting as interveinal chlorosis, usually in the apical por- 
tion of the leaf, The chlorotic area is small at first but gradually spreads towards the base 
of the leaf, and may occupy almost the entire interveinal area. The tissues along the veins 
remain green and the contrasting colors give the leaves the mottled appearance which sug- 
gested the name of the disease. As the disease progresses on individual leaves, the chlorotic 
areas die and turn brown. The chlorosis, followed by necrosis, affects leaves in sequence 
upwards along the stem. On severely affected plants, the lower leaves may be dead and com- 
pletely dry, the middle leaves show a mottling of brown necrotic areas with green next the 
veins, and the upper leaves grade from chlorotic-mottled to apparently healthy at the top of 
the stem (Fig. 1). 

Affected leaves are often seen on one side of the plant only. Mottled leaves usually re- 
main turgid, although the petioles often curve downwards slightly. The vascular tissue of 
stems and leaf petioles of affected plants is light brown in color. 

Leaf mottle typically affects plants scattered throughout the field. In light infections, 
diseased plants may occur singly, in groups of two or three, or in patches which extend along 
the rows and often involve several adjacent rows. In heavy infections, patches of affected 
plants are large; fields in which 65 percent or more of the plants show leaf mottle symptoms 
have been encountered in disease surveys. Fields in which leaf mottle is severe at the flower- 
ing stage appear dead and brown before normal harvesting time. 





1 Contribution No. 1596 from the Botany and Plant Pathology Division, Science Service, Canada 
Department of Agriculture, Ottawa, Ontario. 
2 Plant Pathologist, Associate Plant Pathologist, and Technician, respectively. 
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FIGURE 1. 
Adult sunflower 
plant showing 
characteristic 
symptoms of leaf 
mottle, 





Associated with leaf mottle symptoms is a condition which has been described as "pre- 
mature ripening" (6). In typical premature ripening, the sunflower heads are always flaccid, 
whereas normally ripened plants have firm heads. In some fields, prematurely ripened plants 
appear shorter than normal plants. In one field in which leaf mottle was seen on 5 percent of 
the plants in August, 1949, premature ripening affected 10 percent of the plants in mid-Septem- 
ber (6), Although premature ripening may be induced by various factors, such as heavy rust 
infection, drought, etc., leaf mottle is an important cause of premature death and consequent 
low yields of sunflower crops in some years. 


EXPERIMENTS AND RESULTS 


Isolations were made from plants that showed symptoms of leaf mottle and premature 
ripening; the plants were collected during disease surveys in several years. Among the or- 
ganisms isolated were Fusarium spp., Verticillium albo-atrum, Alternaria spp., and 
bacteria, Inoculations with the respective organisms into stems of adult sunflower plants did 
not induce leaf mottle symptoms, although some of the fungi were successfully reisolated. 

Samples of soil from around the roots of affected plants were collected in farm fields, 
and sunflowers were sown in them in pots in the greenhouse. Various disorders appeared on 
the plants, but typical leaf mottle symptoms did not develop, 

Seed was collected from plants with typical leaf mottle symptoms, and was sown in ex- 
perimental plots at Winnipeg. Plants in the plots did not develop leaf mottle symptoms, 

Efforts to transmit the disease by inoculating healthy plants with juice from diseased 
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plants also failed, 

Chemical analyses of the soil collected from around plants with leaf mottle were made 
by Dr. W. A. Ehrlich, soils specialist of the Canada Department of Agriculture, University 
of Manitoba, Winnipeg, No deficiencies or excesses that might account for the symptoms 
were discovered, 

In 1954, the first year in which leaf mottle was widely prevalent and caused severe dam- 
age, evidence was obtained that the disease was soil borne. The highest proportion of af- 
fected plants seen during the disease survey, 65 percent, was found in a field in which leaf 
mottle was conspicuous in 1949 (11). Although efforts to obtain an experimental area in this 
field failed, it proved possible to secure two acres in a field southwest of Winkler in which 
leaf mottle was severe in 1954, Sunflowers were sown again in this area in 1955. Leaf mot- 
tle was present in only trace amounts in most sunflower fields in 1955, In the test area, how- 
ever, 65 percent of the plants were affected, and in a farm field adjacent to one in which the 
disease was severe in 1954, 20 percent of the plants showed leaf mottle (12). 

Sunflowers sown in soil from these fields in large pots in the greenhouse during the win- 
ter were stunted and unhealthy, but did not develop typical leaf mottle symptoms. In the 
spring of 1956 a new test was set up. Samples of soil from both fields, and potting soil as a 
check, were placed in large pots sunk into the ground outside the greenhouse, and sunflowers 
were sown in all pots. Various symptoms appeared on plants in the test soil throughout the 
growing season, Some leaves wilted on some of the plants. Typical leaf mottle developed 
on more than half the 44 plants. Three-quarters of the plants were moderately to severely 
stunted, and many or all of the leaves were dead on the test plants when the experiment was 
concluded late in September, The check plants were still healthy with the exception of one 
plant, which may have been infected by soil splashed from the test pots during watering. 

Sunflowers were sown in the test field near Winkler in 1956 for the third successive year. 
In late July, when most of the plants were 18 to 36 inches tall, leaf mottle symptoms were 
observed on 30 to 40 percent of the plants. Only the lower and middle leaves were affected. 
In mid-August, when about three-quarters of the plants were in bloom and healthy plants 
were about 5 feet tall, about 60 percent of the plants showed leaf mottle and many severely 
diseased plants were only 18 to 24 inches tall. All the leaves on the stunted plants showed 
symptoms; on the taller, moderately diseased plants, the upper leaves were apparently 
healthy, or only slightly chlorotic. By the end of August, 95 percent of the plants had typical 
leaf mottle symptoms, or were dead, The lower and middle leaves were dead on most plants. 

Specimens collected from the test field in late July were surface sterilized and plated, 

All colonies that developed were transferred to test tube slants for later identification. Sec- 
tions from stems and leaf petioles of healthy plants yielded 4 colonies of Alternaria sp, and 

2 unidentified fungi. Roots, stems and petioles of diseased plants yielded 413 colonies. Of 
these, 345 were Verticillium albo-atrum, 45 Alternaria sp., 2 Cylindrocarpon radicicola, 

2 Mucor sp., 1 Gloeosporium sp., 1 Fusarium oxysporum, 9 unidentified fungi, and 8 bacteria, 

Plants with leaf mottle symptoms were collected in 10 farm fields in late August, 1956, 
and isolations were made from them, mostly from the petioles of upper leaves. Two hundred 
and thirty-two pieces of tissue were plated. They gave rise to 196 colonies of V. albo-atrum, 
6 Alternaria sp., 1 unidentified fungus and 3 bacteria; 26 produced no growth, ai 

At the conclusion in late September of the pot test out of doors with soil from fields where 
leaf-mottled plants had grown, isolations were made from plants in the respective pots. Fifty- 
six pieces of tissue from check plants yielded 18 Alternaria sp., 1 Cephalosporium sp., 31 
with no growth, and 6 V, albo-atrum, the last from one plant which may have been accidentally 
infected. Of 242 pieces of tissue from plants in test soil, 142 gave V. albo-atrum, 14 Alter- 
naria sp., 1 Cephalosporium sp., 1 Cladosporium sp., 1 Fusarium sp. , 9 unidentified fungi 
and 14 bacteria; on 64 no growth developed. 

Cultures identified as V, albo-atrum agreed in all respects with Verticillium albo-atrum 
Reinke & Berth,, microsclerotial plus mycelial type, as described by Presley (3). Young 
cultures from diseased tissue plated on potato sucrose agar are shown in Figure 2. Cultures 
identical with those from sunflower were also isolated from potatoes, growing in a farm field 
of sunflowers with leaf mottle, and from eggplants in a market garden near Winnipeg. 

Sunflower seedlings 3 weeks old were inoculated August 17 by dipping their roots ina 
suspension of spores from colonies of V. albo-atrum isolated from plants with leaf mottle. 
The seedlings were repotted in sterile soil in crocks, and additional spore suspension was 
poured over the soil, The first symptoms noticed on inoculated plants was flaccidity and 
drooping of the lower leaves, which soon turned yellow, dried, and turned brown, The edges 
of upper leaves curled downwards, the leaves drooped slightly, and turned yellow at the apex. 
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FIGURE 2. Verticillium albo-atrum from sunflowers. 
Young cultures on potato sucrose agar, 








FIGURE 3, Sunflower plants inoculated with V. albo- 
atrum, Uninoculated check plants at right. 
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Chlorotic areas, which soon became necrotic, appeared between the veins, and the leaves 
dried from the tip towards the base. By September 27, leaves on the four inoculated plants 
were wilted, the lower and middle leaves on three plants were dead, and the upper leaf mar- 
gins were chlorotic and showed some necrotic spots. On October 11, one plant was dead, 
decayed at the base, and broken over; two plants were severely stunted, with all the leaves 
withered; and one plant, although as tall as the checks, had all its leaves withered (Fig. 3). 
The checks were healthy. 

Isolations were made from the check and inoculated plants. Twenty pieces of tissue from 
check plants yielded 1 Rhizoctonia solani and 6 bacteria; on 13 no growth occurred, Eighty- 
five pieces of tissue from inoculated plants, taken from roots, stems at all levels from the 
base to the top, leaf petioles and midribs of upper leaves, and from the receptacle of the in- 
florescence, yielded 59 V. albo-atrum, 10 mixed cultures of Mucor sp., Rhizoctonia sp., 
and bacteria; 16 produced no growth, Twenty sections from involucral bracts, ray flowers, 
and disc flowers, gave no growth, possibly because the sterilization method used was too 
severe for such delicate tissues. 

In another inoculation test, agar cultures of V. albo-atrum were macerated, placed on 
sterile soil in crocks, and covered with additional soil; sunflowers were sown in the crocks 
on August 17. On September 27, all plants appeared healthy, By October 11, plants in in- 
fested soil were shorter than the check plants, and some leaves were flaccid, By October 15, 
leaves on two inoculated plants were turning chlorotic from the tip. On October 16, necrotic 
spots had appeared in the chlorotic areas, and the leaf tips were withered. On October 18, 
the same leaves showed fairly typical leaf mottle symptoms. Other inoculated plants were 
shorter than the checks, and had flaccid leaves. One plant was removed for examination; 
its vascular tissues were discolored, 

Healthy check plants in the pot test out of doors were inoculated on August 17 by inserting 
a mycelial suspension of V. albo-atrum into slits made in the stems and covering the wounded 
area with cotton. Although no symptoms had developed when the experiment was terminated 
on September 24 because of frost, the pathogen was reisolated from stem sections 2 inches 
above the point of inoculation, 





DISCUSSION 


Verticillium wilt of sunflower has been reported from Russia (15) and Siberia (2). The 
disease in Siberia was stated to be particularly destructive in southern districts indry seasons, 
In Manitoba, leaf mottle was conspicuous in 1949, a warm wet season, and in 1953, which was 
wet in July, and warm in July and August, In 1954, which was cool and wet, the disease was 
particularly destructive, In 1955, which was hot and dry, it developed well in the test plot, 
although it was not important in most farm fields. In 1956, another wet year, leaf mottle 
was again conspicuous, Although the relationship between weather and intensity of the disease 
does not seem to be the same in Siberia and Manitoba, it is most likely that the disease is the 
same. 

The leaf mottle disease of sunflowers seems to be similar in many respects to verticillium 
wilt of cotton (4). As in cotton, early infection of sunflower seedlings results in wilt, severe 
stunting, and early death of the plant, Relatively late attack results in the symptoms recog- 
nized as typical leaf mottke on adult plants which are usually not stunted, and do not wilt, al- 
though they may die prematurely, The marked stunting of sunflower plants in the soil test in 
pots out of doors, and in the test area in a heavily infested field in 1956, is apparently attribut- 
able to early and severe infection, as a result of the massive development of inoculum in the 
soil. 

Strains of V. albo-atrum that attack sunflowers also attack other hosts, and isolates from 
other hosts proved pathogenic on sunflowers in inoculation tests. Verticillium wilt of cotton 
in Natal, Africa, was severe in a rotation experiment on plots previously cropped to sunflowers 
(1). Verticillium isolated from strawflowers in the United States proved pathogenic to sun- 
flowers (13). Sclerotial strains of Verticillium from cotton in South Africa proved pathogenic 
when inoculated into wounded stems of sunflowers (14). 

The known host range of V. albo-atrum is large, making the disease difficult to control 
if several susceptible species are used in the crop rotation. Experiments are in progress to 
determine the host range of the sunflower isolateof Vy, albo-atrum on crops commonly grown 
in Manitoba, The occurrence of severe leaf mottle ina fieldin 1954 in which the disease was 
present in 1949, and of a moderate infection in 1956 in a field in which sunflowers were grown 
in 1953, and were followed by cereal crops for two years, indicates that a short rotation will 
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not control the disease in seasons favorable to it. It is quite possible, however, that rota- 
tions in which susceptible crops occur not oftener than once in four or five years, will greatly 
reduce damage in sunflower crops. 

Differences in varietal reactions of crops to verticillium wilt are known to exist. Leaf 
mottle occurred so sporadically prior to 1954 that there was no opportunity to determine pos- 
sible variability in reaction of sunflower varieties in Manitoba. The establishment of a 
heavily infested experimental area has made it possible to investigate this method of control, 
as well as to test the value of various crop rotations. 
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TURF DISEASES IN WESTERN WASHINGTON IN 1955 AND 1956 





Charles J./ Gould! 


At the request of the Northwest Turf Association, a turf disease survey was begun in 
1955 and continued in 1956 in order to determine the major diseases which cause death or 
discoloration of turf in western Washington. The greatest attention was given to golf greens, 
since they were the immediate cause of most concern, 

The weather of 1955 differed considerably from that in 1956 and the outbreaks of disease 
differed similarly. The summer of 1955 was unusually cool and moist, whereas that of 1956 
was warmer and generally drier. In 1955, outbreaks of disease on golf greens were practi- 
cally continuous from spring until late fall. However, in 1956, there was a brief outbreak in 
June, which was an unusually wet month, while a relatively disease-free summer was followed 
by several severe outbreaks in the fall, General results of the surveys are discussed below. 

The author's appreciation goes to Dr. Roderick Sprague for his aid in identification or 
confirmation of the fungi; to Dr. H. M. Austenson for identification of the grasses; and to the 
Northwest Turf Association for their financial support of the project. 


GOLF GREENS 


FUSARIUM PATCH (Fusarium nivale (Fr.) Ces.) was present on all ten golf courses 
surveyed one or more times in 1955, It was the most serious disease of greens on eight of 
the ten courses and appeared at rather frequent intervals from spring until late fall. The 
fungus was collected on bent grass (Agrostis), fescue (Festuca) and annual bluegrass (Poa), 

In 1956, Fusarium patch was found on 17 courses examined one or more times and was 
the most serious disease on 16 of these, including the ten checked in 1955, The locations in 
1956 ranged from Olympia to Everett and from Puget Sound to the Cascade Mountains, repre- 
senting many different conditions of soil type, water and air drainage, grass species, etc. 
A brief outbreak of the disease occurred in June during a period of wet weather, but serious 
outbreaks did not occur until fall. They began in September and were associated with the 
onset of cool weather, heavy and prolonged dews, foggy days, and generally increased pre- 
cipitation, From then through December the outbreaks continued, correlated with rain, fog, 
or dew deposits. Snow fell only once in late 1956, On some untreated greens in locations 
favorable to disease development, spots covered more than 50 percent of the area of the 
green, 





RED THREAD (Corticium fuciforme (Berk. ) Wakef. ) was responsible for most of the 
spotting of greens on two of the ten courses examined in 1955 and on one of the 17 courses 
in 1956. In the early stages the disease appeared as small tan spots somewhat resembling 
those of Fusarium patch, but later the areas became much larger (up to 12 to 18 inches in 
diameter) and more indefinite. The Corticium was a relatively slow invader, but once estab- 
lished on a green it was more destructive than the Fusarium, killing grass as it progressed, 
The centers of killed areas were invaded by weeds and weed-type grasses. Although Corti- 
cium was most destructive in the fall it did not appear to be so sensitive to climatic variations 
as did Fusarium. 








COPPER SPOT (Gloeocercospora sp.) and FAIRY RING (Marasmius oreades (Bolt. ) Fr. ) 
were found only occasionally on greens. 








TURF OTHER THAN ON GREENS 


The relative importance of turf pathogens on lawns, parks, cemeteries, and golf course 
fairways is apparently somewhat different from that on golf greens. Thus, the order of 
importance in 1955 and 1956 appeared to be fairy ring, red thread, Fusarium patch, and per- 
haps anthracnose, 


FAIRY RING (primarily Marasmius oreades) has been the most important general turf 








1 Plant Pathologist, Western Washington Experiment Station (Washington State College), Puyallup, 
Washington, , 
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disease in western Washington for many years. In an average year more inquiries are 
received on it from home owners than on all other ornamental diseases combined, Under 
favorable conditions for grass growth, Marasmius merely disfigures the turf by producing 
mushrooms and stimulating grass growth by decomposing nitrogen-containing compounds in 
the soil. However, poorly nourished grass that lacks moisture weakens and dies in bands up 
to 12 or more inches wide, Within this area the fungus produces such a tight mat that water 


does not penetrate readily. 





RED THREAD has been the second most important disease generally attacking turf, It 
was observed in lawns, cemeteries, and fairways in several locations in western Washington 
and appeared to be the main cause of a rather severe and widespread discoloration of turf 
in the fall of 1956, In western Washington the mycelial strands of the fungus were generally 
light pink, instead of the customary "bright coral pink'' found elsewhere. 


FUSARIUM PATCH has been found often on shoulders adjacent to golf greens, but not 
so frequently elsewhere, The diseased spots resemble somewhat those on the greens, but 
are usually larger and less distinct. Such spots may serve as a source of recontamination 
for greens, and therefore should be included with greens in any treating program, 


ANTHRACNOSE (Colletotrichum graminicola (Ces.) Wils.) was frequently encountered 
on turf, but under conditions that indicated it was possibly a weak parasite. 





DISCUSSION 


Since Fusarium patch was the most important pathogen on golf greens in both 1955 and 
1956, under contrasting weather conditions, it is assumed to be the most important disease 
problem generally of greens in western Washington. Sprague (3) has previously reported the 
occurrence of this disease and of red thread in turf in western Washington and western Oregon, 
Neither dollar spot nor brown patch was found definitely during the survey reported here. The 
evidence to date indicates that the turf disease complex in western Washington is more similar 
to the condition in England than in other areas of the United States. In England Fusarium patch 
is the most serious disease, while red thread and fairy ring are also important, 

As Howard (1) and others have pointed out, the presence of snow is certainly not necessary 
for attack of grass by Fusarium nivale, Smith (2) has stated that in England attacks may occur 
throughout the year whenever suitable weather conditions present themselves. The most im- 
portant conditions appear to be high humidity at the turf surface and a moderately cool tempera- 
ture, 

The predominant grass on most old greens in western Washington is Poa annua, regard- 
less of the original mixture used in seeding. Smith (2) has reported that in England annual 
grasses often recolonize areas of turf killed by Fusarium nivale. Perhaps this fungus is at 
least partially responsible for the dominance of Poa annua in greens in western Washington, 

Neither the snow mold disease caused by Typhula spp. nor the unidentified low-temperature 
basidiomycete reported from Canada was found in this survey. In this connection, it is cer- 
tainly unfortunate that the term "snow mold" has been commonly applied to the diseases caused 
by so many different pathogens. The loose terminology has caused considerable confusion in 
literature where the technical names of the pathogens are omitted. 

Most attention was given in this survey to seriously affected golf greens. Additional sur- 
veys in western Washington are needed, particularly of turf in lawns, parks, golf fairways, 
and cemeteries. Such surveys would undoubtedly result in collection of many additional path- 
ogens. 

Experiments on control of Fusarium patch, red thread, and fairy ring are underway and 
will be reported later. 
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THERMAL DEATH TIMES FOR SOME PESTS OF 
CULTIVATED MUSHROOM (AGARICUS CAMPESTRIS L. ) 








E. B. Lambert and T. T. Ayers! 
Abstract 


Most mushroom pests were killed by exposure to a moist heat of 130° F 
for 16 hours, 140° for 6 hours, or 150° for 4 hours. Exceptions are Papula- 
spora byssina, Chaetomium spp., and Diehliomyces microspora, The thermal 
death times reported do not apply to pests under dry conditions, since several 
of the organisms were more easily killed with heat under moist conditions than 
when dry. When heat is used as a practical pest-contro] measure the length 
of the heating period probably should be increased to insure against the presence 
of resistant strains of the pests. 











M.ore than 30 pests of cultivated mushrooms must be controlled before a grower can 
obtain high yields. These pests may be present in a variety of forms, such as pathogenic 
fungi, weed molds, flies, mites, or nematodes. Most of them increase rapidly during the 
cropping period. Therefore, the problem becomes more serious with each succeeding crop 
unless the grower is successful in drastically reducing the number of pests on his premises 
at the end of a cropping period or before the next crop is begun. Fungicides and insecticides 
are helpful in controlling pests, but the most effective control measure available to the grower 
is heat in the form of live steam, Casing soil is usually heated to about 212° F, compost is 
pasteurized at temperatures between 120° and 160°, spawn is grown on material that has been 
autoclaved at 250°, and empty houses are heated to between 130° and 150°, 

In spite of these control measures pests frequently continue to reappear in the houses of 
the average mushroom grower. Each case of apparent reinfestation poses the question 
whether the pests survived the temperature used to kill them or were carried back into the 
house or into the sterilized soil from outside sources after the heating process was finished. 
To answer this question a precise knowledge as to the thermal death times of all mushroom 
pests is needed, Literature on this subject is scattered and fragmentary. Because of this we 
have felt the need for summarizing briefly the previous studies along these lines and for re- 
peating the determination of the thermal death times of some of the most important fungus 
pests, 


KILLING MUSHROOM FLIES, MITES, AND NEMATODES WITH HEAT 


Although we did not test the thermal death times of animal pests, we give a short review 
of the relevant literature as a basis for including them in the consideration of the feasibility 
of controlling all mushroom pests with heat, 

As early as 1906 Newstead (14) recommended heat for the control of eelworms infesting 
mushroom casing soil. 

In 1912 Popenoe (16) discussed the possibility of killing mushroom flies and mites with 
heat, but recommended a temperature of 150° F, which was shown by later studies to be 
much higher than necessary. In 1930 Gahm (6) showed that adult mites were killed in manure 
heated to 101° F for 1/2 hour. At about the same time Thomas (20, 21) pointed out that all 
insect pests are killed in the interior of beds heated to 130° during pasteurizing. In 1938 
Davis (5) stated that "a temperature of 120° to 125°, if maintained for a few hours, should 
effectively rid the room of all insect and mite pests." Recently Cairns (4) showed that the 
most resistant stages of mushroom spawn nematodes are killed by exposure to moist heat at 
122° for 3 hours and to dry heat for 5 hours, 

It would appear from these studies that mushroom mites, flies, and nematodes in all 
stages are killed by exposure to a moist heat of 130° F for afew hours. This places them in 
a group of pests comparatively easy to kill with pasteurizing temperatures, 





1 Principal Pathologist and Associate Pathologist, respectively, Horticultural Crops Research 
Branch, Agricultural Research Service, UnitedStates Department of Agriculture. 
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INVESTIGATION OF THERMAL DEATH TIMES FOR FUNGUS PESTS 


Materials and Methods 





Our tests dealt with the nine fungus pests for which data on thermal death times appear 
in Table 1. Most of these fungi are well known to persons interested in mushroom research 
and already have been described in some detail. Therefore, ithardlyseems necessary to 
describe our cultures of Dactylium, Geotrichum, Papulaspora, Scopulariopsis, Mycogone, 
and Verticillium. 

Our studies of the ''yellow molds" were made with isolates that appear to be the species 
designated by Gandy (8) as YMi and YM2, As far as we are aware, the thermal death curves 
of the other yellow molds have not been determined. 

The Trichoderma culture used in our studies is probably of the species studied by Sinden 
and Hauser (19), who referred it to Trichoderma koningi Oudem, and named the disease 
"Trichoderma mildew", This fungus is a vigorous pathogen that spreads rapidly from one 
mushroom to another over the surface of the bed. We did not study the slow-spreading Trich- 
oderma sp. that appears as grayish-green patches on the surface of acid casing soils or soils 
containing pieces of undecomposed roots. This is presumably the Trichoderma sp, studied 
by Beach (3) and Anderson (1), 

Most of our tests were made by growing the organisms on potato-dextrose agar slants in 
test tubes, Entire tubes were subjected to heat by placing them in a moist chamber within an 
incubator, Each test was made for 2, 4, 6, 8, 10, and 16 hours, When placed in the incubator 
the tubes probably took about 15 minutes to reach the desired temperature and a like time for 
the temperature to come down to room temperature after removal. Each test was replicated 
} 6 to 10 times, Altogether about a thousand cultures were tested, 

Considerable care was taken to maintain a moist atmosphere around the spores in all 
tests except those in which we desired to contrast the thermal death times under moist condi- 
tions with those in a dry atmosphere, 

The yellow molds did not produce thick-walled spores in our agar cultures, Therefore, 
all tests with these molds were repeated with thick-walled spores formed by the large-spored 
yellow molds growing on composted horse manure, After these spores were heated they were 
picked off of the compost with a sterile needle and transferred to test tubes of agar. There 
was some contamination, but usually 8 or 9 tubes out of 10 were pure cultures, 











~-_ 





Experimental Results 





The thermal death times reported previously by other workers and those indicated by our 
tests are shown in Table 1. From this Table it is apparent that our findings, except those for 
the yellow molds, are approximately in agreement with those of previous investigators, There 
is a widespread belief that a temperature of 160° F is necessary to kill yellow mold (10, 18), 
Our experiments confirmed this with dry spores but not with moist spores, 

Our tests were made with the species having large echinulated spores and also with the 
species with large smooth spores. Under moist conditions spores of these fungi, both from 
agar cultures and on compost, were killed by prolonged exposure to 130° F, and by exposure 
to 140° for 2 hours, Under dry conditions these species withstood temperatures 20° higher 
than under moist conditions. 


DISCUSSION AND CONCLUSIONS 


In recent years it has become increasingly apparent that mushroom growers can eliminate 
most of the important pests from their houses by controlling the air and bed temperatures 
during pasteurizing. There is, however, still some uncertainty about the minimum tempera- 
tures and shortest time of exposure required to kill the different types of pests. 

The experimental data reviewed in this paper should help to establish these thermal death 
times. Because most of the laboratory tests were made with only a small number of isolates, 
it seems likely that an occasional strain of the different mushroom pests will be encountered 
in mushroom houses that is more resistant to heat than the organisms tested. To insure 
against the survival of such heat-resistant pests we suggest that growers prolong the killing 
temperatures during pasteurizing or in empty houses for a period twice as long as was found 
necessary in laboratory experiments, 

According to this rule of thumbatemperature of 130° F maintained for 32 hours under 
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Table 1. Temperature ano number of hours required to kill pathogens and com etitors of the 
cultiveted mushroom under moist concitions. 



































: Current 2 
Pathogen or competitor : investigations : Previous findings 
(disease) 3 Hours et °F : Investigator ; Temperature (° F) and 
2122°:131°:140°:1499: (reference) ; period for killing 

Chaetomium olivaceum —_ - — — Beech (3) 140° for 6 hours 

Cooke & Ellis Anderson (1) 122° tor 20 hours; 140° for 16 

(Olive mold) hours (wet spores) 

Dactyiium dendroides 4 4 2 2 Beach (3) 115°-120° for 24 hours 

Fries | Anderson (1) 22° for 1/2 hour (wet spores) 

(Soft mildew) Gendy (7) 120° for 24 hours (steam and for- 
malin) (spores on agar plates) 

Diehliomyces microspore -- -— -- —  Laubert (12) Not killed in 5 hours et 180° 

(Diehl & Lambert) Gilkey Kligman (9) Not killed in 5 hours at 180° 

(Truffle disease) 180° for 7 hours 

Geotrichum sp. 14 10 6 4 Sinden (17) 140° for 1 hour; 131° for % hours 

(Lipstick mold) Anderson (1) 122° for 1 hour; 140° for 1/2 hour 
(wet spores) 

Myceliopiithore sp. 146 «6 2 2 

(False met or YMl of 

Gandy) 

Myceliophthora sp. 16 6 2 2 Manns (13) Not killed in 3 hours at 140° 

(Mat disease or YM2 Anderson (1) 122° for 1 hour; 140° for 1/2 hour 

of Gandy) (wet. spores) 

Mycogone perniciossa 4 4 2 2 Beach (3) 115°-120° for 24 hours 

Mégnus Lambert (11) 106° for 6 hours 

(Bubbles) Gandy (7) 120° for 24 hours (steém and for- 
malin) (spores on agar vletes) 

Papulespora byssina 16+ 16+ 4&4 4 Beach (3) 140° for 6 hours 

Hots. Anderson (1) 122° for 2 hours (wet spores) 

(Brown plester mold) 

Pseucomonés toléasii -—- — — — £Paine (15) 124° for 10 minutes 

Paine 

(Bacterial blotch) 

Scopulériopsis fimicola eS . 2 2 2 Beach (3) 115°-120° for 24 hours 

(Cost. & Matr.) Arn. & Anderson (1) 122° for 1/2 hour (wet spores) 


Barthelet 
(White plaster mold) 





moist conditions should be sufficient to kill all pests except brown plaster mold, Trichoderma 
mildew, olive mold, and the truffle disease fungus. Likewise, holding a temperature of 140° 
for 12 hours or 150° for 4 hours should kill all pests except the truffle fungus. It must be 
clearly understood, however, that these suggested thermal death times apply only to moist 
conditions, To kill dry fungus spores may require a temperature 10° or 20° higher ora 
longer exposure to high temperature, 

For purposes of practical consideration the pathogens and competitors of the cultivated 
mushroom seem to fall naturally into four groups: 


1. Those killed by 4 hours' exposure to 130° F : flies, mites, nematodes, 
and other animal pests and the fungi and bacteria causing brown blotch, 
bubbles, white plaster mold, soft mildew, mummy disease, and bacterial 
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Pathogen or competitor 
(disease) 


Current 
investigetions 


Previous fincings 





Hours at °F 


122° 31319314093 149? 


Investigetor : 
(reference) 


Yempereture (° F) and 
period ror killing 





Sepedonium sp. 
(Sepedonium mold) 


Spiceria sp. 
(? Vern Astley disease) 





Trichoderm koningi 
Oude. 
(Trichoderma mildew) 


Trichoderme koningi 
Oudenm. 
(? Green mold) 





Trichoderma viride 
Pers. 
(Green mold) 





Unknown 
(Mummy disease) 


Verticillium malthousei 
Were 
(Brown blotch) 





Verticillium pselliotae 
Treschow 
(Brown blotch) 





Verticillium sp. 
(Brown blotch) 


16+ 


Anderson (1) 


Anderson (1) 


Beach (3) 


Anderson (1) 


Tucker and 
Routien (22) 


Ware (23) 


Gandy (7) 


Anderson (1) 


Beach (3) 


122° tor 1 hour; 140° for 1/2 hour 
(wet spores) 


122° for 1 hour; 140° for 1/2 
(wet sporee) 


hour 


115°-120° for 24 hours 


122° for 2 heurs; 140° for 1/2 hour 
(wet spores) 


Infestec soil in drying oven at 131° 
for 2 hours; steamed at 212° for 
1 or 2 hours; autocleved for 20 
minutes at 15 pounds pressure 


104° for 6 hours 

120° for 24 hours (steam end for- 
malin) (spores on ager plates) 

122° for 2 hours; 140° for 1/2 hour 
(wet spores) 


115°-120° for 24 hours 





blotch, 








2. Those killed either by a 16-hour exposure to 130° F or by 6 hours at 140° 
the yellow molds YM1 and YM2), lipstick mold, brown plaster mold, 
Sporotrichum mold, olive mold, and Trichoderma mildew. 

3. Those killed by 5 hours at 180° F: 

4. Those with undetermined thermal death times, such as the organisms 
causing bacterial pit and LaFrance disease, Coprinus spp., Fusarium 
spp., small-spored yellow molds, and several minor pests. 


truffle disease fungus. 


During the past 10 years there has been a noticeable increase in the average yield per 
square foot obtained by progressive mushroom growers, 
increase was due to better pest control through improved pasteurizing schedules and the use 
of steam with formaldehyde for heating and fumigating empty houses. 
room for further improvement along these lines in many mushroom plants, but we fee] it is 
beyond the scope of this paper to discuss the problem in detail, 


In our opinion a large part of this 


Undoubtedly, there is 
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EFFECTS OF SEVERAL BIOCIDES ON GROWTH OF SEEDLING PINES 
AND INCIDENCE OF MYCORRHIZAE IN FIELD PLOTS | 








E. Hacskaylo! and John G. Palmer? 


Summary 


Several biocides were used in the soil in isolated field plots: 1) to 
determine whether chemicals might be used to destroy mycorrhizal fungi in 
the soil, and 2) to study the effects of the biocides on the growth of pine 
seedlings and subsequent mycorrhizal formation, Methyl bromide at a high 
concentration prevented mycorrhizal formation on Virginia and slash pines 
during one growing season, It also resulted in increased growth of the seed- 
lings as compared with that of control seedlings, Vapam and Bedrench were 
only partially effective in preventing the development of mycorrhizae, 
Ethylene dibromide and Nemagon had no noticeable effect on the development 
of mycorrhizae, but use of the latter resulted in stunted seedlings, It is 
suggested that without formation of mycorrhizae or additions of fertilizer, 
the seedlings grown in plots treated with methyl bromide would lose their 
initial increase in growth over those in the untreated plots. 


INTRODUCTION 


The use of biocides to eliminate undesirable microorganisms from soils has drawn atten- 
tion to the effects of these chemicals on mycorrhizal fungi. Wilde and Persidsky (2) reported 
that all chemicals that they used, except chlordane and Stoddard solvent, depressed or arrested 
the development of mycotrophic characteristics on Pinus radiata. Calomel and benzene hexa- 
chloride severely inhibited the symbiotic fungi. Foster (1) found that fumigation with methyl 
bromide stimulated the growth of pine seedlings. He attributed this to better nitrogen nutrition 
through destruction of microorganisms in competition with the pines and stated that ''Nursery- 
men's fears that fumigation would eliminate beneficial mycorrhizal fungi from the soil have not 
been substantiated". 

The experiment described herein was designed 1) to determine whether a chemical might 
be used to destroy all mycorrhizal fungi in a soil without latent damaging effects on tree seed- 
lings; and 2) to study the effects of the soil treatments on growth of tree seedlings and the 
subsequent mycorrhizal development if the fungi persisted in the soil. 





MATERIALS AND METHODS 


Preparation of Field Plots 





Isolated field plots were constructed by sinking vertically oriented 5-foot sections of 
concrete pipe, 4 feet in diameter, in an open field, The interior wall of each section was 
painted with black asphalt paint and then each was nearly filled with sandy-loam topsoil, which 
drained without difficulty. In April 1956, leafmold containing many fragments of pine roots 
and mycorrhizae was collected in a mature stand of Virginia pine (Pinus virginiana), A bushel 
of the leafmold was added to each of 25 plots and thoroughly mixed with the soil to a depth of 
about 1 foot. Four plots were selected at random to be used for each of 5 chemical treatments 
and 5 plots were designated as controls. 


Fumigation 


Early in May 1956, after the soil within the plots had attained the temperature of 64° F at 
a depth of 5 inches, several chemicals which have been used as fungicides, herbicides, and 
nematocides were used to treat the plots as follows: 





1 Physiologist, Horticultural Crops Research Branch, Agricultural Research Service, United 
States Department of Agriculture, Beltsville, Maryland, 
2 Assistant Professor, Botany Department, The George Washington University, Washington, D. C. 
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. Methyl bromide (Dowfume MC-2), Each plot was sealed under a polyethylene 
cover. One pound of the fumigant was released into each plot and 4 days later 
the cover removed. 

2. Ethylene dibromide. Injections of 3 ml. were made at a depth of 6 or 8 inches 

spaced 12 inches apart, The surface of each plot was sprinkled with water to 

form a seal, 

Sodium N-methyldithiocarbamate (Vapam). One pint of the chemical was 

dissolved in 8 gallons of water and applied as a drench at the rate of 2 gallons 

per plot, 
4. Allyl alcohol and ethylene dibromide (Bedrench). Six-tenths of a pint of the 
solution was mixed in 5 gallons of water and applied as a drench at the rate of 
1 1/4 gallons per plot. 

5. 1,2-dibromo-3-chloropropane (Nemagon), The concentrate was diluted to one- 
third with Varsol and applied at the rate of 1 ml. per square foot in holes 6 to 
8 inches deep. Each plot was then sprinkled with water to form a seal. 

6. Control, The plots were watered. 


wo 
+ 


Seeding and Care of Plots 





Two weeks after soil treatment seeds of Virginia pine and slash pine (Pinus caribaea) 
were sown, one species on half of each plot. A damp burlap cover was used until the seed 
germinated and thereafter each plot was covered with half-shade lathe to protect the seedlings. 

An infestation by cutworms destroyed some seedlings in several plots before the worms 
were controlled by two applications of DDT spray to all plots, 

The plots were watered as needed throughout the summer and weeds were removed once 
each month, The half-shade was discontinued early in September. Ili. mid-November half the 
seedlings of each species in each plot were dug, and the root systems were washed and ex- 
amined for mycorrhizae; the seedlings were measured and weighed. 





RESULTS 


Growth of the Pine Seedlings 





Germination and initial growth of the pines were equally good in all plots. Two months 
after germination, however, seedlings in the plots treated with methyl bromide appeared to 
be more vigorous than those in the others. Except for the pines growing in plots treated with 
Nemagon, which appeared to have been stunted, the rest were similar in appearance, Dif- 
ferences in appearance of the seedlings were more evident when the plants became dormant 
at the end of the growing season, 

The largest shoots and roots were found on the seedlings of the pines in the plots treated 
with methyl bromide (Table 1), Growth of all the seedlings was inhibited in the plots treated 
with Nemagon, Ethylene dibromide, Vapam, and Bedrench tended to increase the average 
heights and weights of the slash pine seedlings as compared with the control seedlings. These 
increases were not so evident in Virginia pine; however, the seedlings in plots treated with 
ethylene dibromide tended to be larger than those in plots treated with Vapam or Bedrench, 

The shoot-root ratios were relatively constant regardless of treatment, The slash pine 
seedlings possessed larger shoots as compared with the root systems than did the Virginia 
pine seedlings (Table 1), 


Development of Mycorrhizae 





Formation of mycorrhizae on the roots of both species of pine was very similar within 
treatments. In the untreated control plots mycorrhizae were found over most of the root 
system of each plant (Fig. 1A). The effects of other soil treatments are summarized as 
follows: 


1. Methyl bromide completely suppressed development of mycorrhizae (Fig. 
1B). 

2. Vapam suppressed development of mycorrhizae except on roots growing 

through or near small pockets of humus (Fig. 1C). 
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Table 1, Physical measurements of slash and Virginia pine seedlings grown in 
chemically treated and control plots for 6 months, 





H Number 
Species of $ of 
pine and chemical: seedlings 


Average : : 
shoot : Average dry weight (mg.): Shoot-root 
height (mm.): Shoot : Root : ratio 








Slash pine: 


Methyl bromide 76 134 684 263 2.6 
Ethylene dibromide 56 124 426 145 2.9 
Vapam 60 123 426 134 3.2 
Bedrench 56 121 396 145 2.7 
Nemagon 36 104 279 98 2.8 
None (control) 48 114 354 124 2.8 


Virginia pine: 


Methyl bromide 36 99 483 353 1.4 
Ethylene dibromide 55 8h 2k9 181 1.4 
Vapam 48 81 211 133 1.6 
Bedrench 73 83 228 153 1.5 
Nemagon 32 68 94 59 iT 
None (control) 58 85 229 135 1.7 





3. Bedrench suppressed formation of mycorrhizae to a depth of 4 to 5 inches 
in the soil, At greater depths formation of mycorrhizae occurred (Fig. 
1D). 

4, Ethylene dibromide did not suppress the formation of mycorrhizae, 

The roots were comparable to those of the control seedlings (Fig. 2A). 

5. Nemagon did not suppress formation of mycorrhizae. In Nemagon- 
treated soil mycorrhizae formed on roots of the seedlings although, as 
reported previously, the roots were stunted (Fig. 2B). 


DISCUSSION 


The growth of the pine seedlings in plots treated with methyl bromide was considerably 
greater than in all other plots (Table 1), As Foster (1) pointed out this may be due to reduc- 
tion in competition for nutrients in the soil by eliminating much of the population of microorgan- 
isms. Partial reduction of the population of microoroganisms appeared to have favored growth 
of the seedlings of slash pine except when Nemagon was used. Growth of the seedlings of 
Virginia pine was not stimulated so noticeably by the soil treatments other than fumigation 
with methyl bromide, and it was suppressed in plots treated with Nemagon. 

The balance between roots and shoots was well maintained regardless of the effects of 
the soil treatments on the growth of the seedlings. The roots of Virginia pine, however, were 
heavier compared with the shoots than were those of slash pine. This might be one of the 
reasons why Virginia pine so successfully becomes established in poor, exposed sites. 

Of the chemicals used, only methyl bromide, which was applied in excess of that ordinar- 
ily recommended for soil fumigation, was totally effective in preventing development of my- 
corrhizae on the seedlings. This makes possible at least one method for more easily controlling 
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FIGURE 1. Roots of Virginia 
pine grown for 6 months, in (A) 
a control plot, and in plots treated 
with (B) methyl bromide, (C) Vapam 
and (D) Bedrench, 
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FIGURE 2. Roots of Virginia pine grown for 6 months in plots 
treated with (A) ethylene dibromide and (B) Nemagon, 


field experiments requiring inoculation with pure cultures of mycorrhizal fungi. Methyl bro- 
mide appears to be effective for at least one growing season since sporophore formation by 
mycorrhizal fungi was very common during the summer of 1956 in nearby pine stands, Air- 
borne spores were not effective in inoculating the plots sufficiently to cause mycorrhizal 
formation by the time the experiment was concluded. 

Possibly Bedrench and Vapam could be used in experiments to destroy mycorrhizal fungi 
in soils with less organic matter or lighter textures, or perhaps greater concentrations would 
be effective under our conditions, It was evident, however, that when these chemicals were 
used rapid reestablishment of the mycorrhizae did not occur over the entire root systems 
(Fig. 1C,D). 

With time, we anticipate a buildup of the competitive microorganisms in the plots treated 
with methyl bromide and subsequent retardation in the rate of growth of the seedlings. Unless 
mycorrhizae are formed or fertilizer is added, the seedlings in treated plots will lose the 
initial increase in growth over that of the control seedlings. 
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BLIGHT FUNGUS,INVADES CHESTNUT FROM KILLED TWIGS 





Wray Birchfield and G. F, Weber! 


Abstract 


Recent observations of American chestnut in western North Carolina 
showed that twigs killed by Endothia parasitica afforded a source of infection 
of the young coppice, Repeated observations revealed that cankers of the 
disease formed at the point of contact of these twigs and young healthy sprouts. 
The cankers thus formed were atypical in that a large dark plate suggestive 
of dried exudate was observed at the point of contact. All of several isola- 
tions from the margin of infection gave pure cultures of the fungus. 





INTRODUCTION 


Doctor William Alphonso Murrill recently reminisced on his discovery of chestnut blight 
(Endothia parasitica (Murr.) P. J. & H. W. Anderson) and the development of the disease in 
this country. Hermann W. Merkel, a forester employed at the New York Zoological Park 
with responsibility for growing chestnuts for ornament and shade as well as food for wildlife, 
noticed dying of young chestnut trees and the stem cankers that preceded this condition. He 
carefully collected specimens and took them to the New York Botanical Garden for professional 
advice. Mr. Merkel became impatient after about 3 months without a reply to his inquiry, and 
in August of 1904 asked Dr, Murrill, who only a few months earlier had been assigned as a 
Mycologist to the New York Botanical Garden, to expedite an answer. Dr. Murrill plated pure 
cultures of a fungus from 3-months-old specimens and demonstrated its pathogenicity to young 
chestnut. At first pycnidiospores were placed in wounded bark for inoculation, Later asco- 
spores were used in the same manner, 

When Dr. Murrill visited the park with Mr. Merkel he was greatly astonished at what he 
observed, Young chestnuts about 3 to 4 feet tall planted in rows had recently been cultivated 
by plowing. In every case where the plow injured the lower trunk Endothiacanker was initiated. 
Many of the larger trees showed advanced stages of the disease. 

Reports arrived from New Jersey and the Hudson valley that chestnuts were dying. Dr. 
Murrill then found that a large commercial nursery on Long Island was importing and selling 
Japanese chestnuts; a few cankers were observed on these trees. From the suddenness of the 
outbreak he believed that the organism had been imported. Cankers found on the imported 
Japanese chestnuts indicated the Orient as the origin; the best indications being that the disease 
had been present in this country for about 5 years prior to its discovery, 

This conversation with Dr, Murrill was in regard to a different and apparently heretofore 
unreported mode of chestnut-blight infection recently observed in Cherokee County of western 
North Carolina, Repeated observations showed that twigs from trees killed by the blight inocu- 
lated young coppice, forming cankers at the point of contact, These cankers were atypical in 
that a large dark plate suggestive of dried exudate was observed at the point of contact (Fig. 
1). All of several isolations from the margin of infection gave pure cultures of the fungus. 
Dr. Merrill said that he had not observed the type of infection herein reported; moreover, no 

mention of it was found in a review of the literature. 
. As regards infection by the fungus, much has been written. Murrill (4) did not secure 
infection as long as "the thin brown layer of outer cortex remained intact" and was therefore 
of the opinion that wounds were necessary, but he also suggested the possibility that lenticels 
might serve as entrance channels. Metcalf and Collins (3) stated that "the parasite can enter 
without visible breaks in the bark but wounds form the usual means of entrance," Anderson 
and Babcock (1) were unable to reproduce the disease by inoculating with spores without making 
wounds. Anderson and Rankin (2) designed an experiment to determine whether infection can 
take place through lenticels. Glass rings were affixed to healthy smooth bark which was 
sprayed with a suspension of ascospores, The rings were closed to secure moist conditions 
favorable for germination. Forty-nine inoculations made in this way gave negative results. 
In another set of experiments the rings were placed over natural cracks, which are abundant 








1 Plant Pathologists, State Plant Board of Florida and College of Agriculture, University of Florida, 
Gainesville, respectively. 
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FIGURE 1. Killed chestnut twigs as the source 
of infection for Endothia parasitica, A --Two cankers 
from the same twig. B-C --Enlargement of A, 





D -- Back of a canker from which pure cultures of the 
fungus were obtained. E -- Young cultures of E, 
parasitica, 


in heavy-bark trees, and inoculated in the same manner, The 14 inoculations gave negative 
results. In still another set, 20 pieces of bark containing perithecia were placed so that the 
ascospores would be ejected during rains into these natural cracks, No infection resulted. 
Murrill (7) suggested a number of agents or conditions that might be responsible for the 
wounds that give entrance to the parasite including lumbermen, nut-gatherers, winterinjury, 
the green fly, the twigborer, squirrels, birds, mice, and others. Anderson and Babcock 
(1) made a large number of inoculations into various kinds of imitating wounds naturally 
found on trees, among them being the scraped outer cork layer inoculated with mycelium 
from culture, Twenty-five inoculations made in this manner were all negative. 


KILLED TWIGS AS SOURCE OF INFECTION 


Our observations in the remains of chestnut stands in western North Carolina destroyed 
by blight showed that killed chestnut twigs were apparently serving as a source of inoculum 
of Endothia parasitica, Cankers formed on young coppice that touched killed twigs. In one 
case two separate cankers were formed on a stem at the points of contact made by a single 
killed twig (Fig. 1, A). The smallest twig observed to be associated with a canker was about 
1/20 inch and the largest about 1.4 inch in diameter. The cankers were atypical in that 
peculiar plates or mats surrounded the point of stem and twig contact.(Fig. 1, B-C). These 
were darkish brown to black in color, about an inch in diameter. Two stems from young 
chestnut coppice and a killed branch on which pycnidial pustules had formed were brought to 
the laboratory for observation and study. Pure cultures of the fungus were plated from the 
margin of infection. These disclosed the typical luteous appearance that delineates the cul- 
tural character of Endothia parasitica (Fig. 1, E). Pycnidiospores observed in old cultures 








compared favorably with those from field material, 

It is conceivable that abrasive action at the point of contact of diseased twig and healthy 
stem might have resulted in a wound and thereby aided infection, Even so, it is interesting 
and important that this type of infection, although undoubtedly common, is apparently not 
reported in the large volume of literature that has accumulated on the subject. 
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THE DEGREE OF MAT-PRODUCTION CONTROL 
OBTAINED BY GIRDLING OAK WILT,TREES IN.WEST VIRGINIA 
AND SOME FACTORS INFLUENCING MAT FORMATION IN GIRDLED TREES! 











W. H./Gillespie, A. L. Shigo, and R. P. True? 
Abstract 


Fall examination of 117 oaks which had shown symptoms during the 
summer of 1956 and from which Endoconidiophora fagacearum3 had been 
isolated from samples collected at the time the trees were girdled to the 
heartwood has shed further light on the effectiveness of the deep-girdle 
method of controlling overland spread of oak wilt. Larger trees dried out 
more slowly after girdling, but there was no relationship between size of 
tree and mat formation by the oak wilt fungus. Girdling reduced mat pro- 
duction to a great extent but 10 percent of the trees girdled before the 
first of August and 20 percent of those girdled in August formed some mats. 
Mat production was associated also with a high degree of defoliation ob- 
served at the time of the girdling. Prompt girdling of symptom trees 
reduces mat formation, The data taken in the wet year 1956 are very simi- 
lar to those obtained in similar studies made in the drought year of 1955. 
There is a suggestion that diseased black oak forms mats less frequently 
after deep girdling than red or scarlet oak. 








In an earlier report (5) the nature of the oak wilt fungus mats was reviewed and their 
probable significance as sources of inoculum for overland spread of the disease was pointed 
out, Data were also presented in 1955 concerning the effect upon mat formation of girdling 
affected trees to the heart-wood. It was shown that: (a) Nearly all trees girdled in June and 
July were in condition to produce mats by early August but that nearly 20 percent of those 
girdled in August still had not dried out sufficiently to produce mats when examined in October 
and November. (b) Of the trees in condition to form mats at the time of examination, about 
10 percent of the June-July girdled trees had done so, while mats had formed on nearly 20 
percent of the August-girdled trees. (c) Larger trees were shown to dry out more slowly 
after girdling, but size of tree seemed unrelated to mat production, 

Further evidence concerning the effectiveness of deep girdling carried out at different 
times during the summer is presented in this paper. It also points out additional factors 
which seem to be correlated with mat production and with fungus viability within the wood 
of girdled trees, 


1956 Studies 


One hundred seventeen oak wilt trees were studied in 1956, All yielded Endoconidiophora 
fagacearum when originally sampled, or produced mats later. Of these, 103 had been deep 
girdled after summer symptom appearance, and 14 similar trees had received no treatment, 
Together they approximated a 10 percent sample of the current season's crop of oak wilt 
trees*, but this sample was chosen So as to include a disproportionately large number of Au- 








1 Published cooperatively with the approval of the Commissioner of Agriculture as Special Survey 
Paper No. 2, West Virginia Department of Agriculture, and with the approval of the Director of 
the West Virginia Agricultural Experiment Station as Scientific Paper No, 547. 

2 Respectively Coordinator, West Virginia Oak Wilt Survey, West Virginia Department of Agri- 
culture, Graduate Assistant, and Plant Pathologist, West Virginia Agricultural Experiment 
Station, 

3[ According to Hunt (Hunt, John, Taxonomy ofthe genus Ceratocystis. Lloydia19: 1-58. 1956) 
Endoconidiophora and some other genera formerly considered separate properly belong in the 





single genus Ceratocystis. The name of the oak wilt fungus is C. fagacearum (Bretz) Hunt -- 
Ed. Note.) 

4In 1956, atotal of 1176 oak wilt trees were found at 912 sites in 35 West Virginiacounties. Dis- 
eased trees were not found in 4 counties which had previously been known to contain oak wilt. 

















Vol, 41, No, 4--PLANT DISEASE REPORTER--Apr. 15, 1957 363 


Table 1. Condition of untreated check trees anc mat production 
when exemined in Novenber. 





. 
. 


Condition of trees 3 Number of trees so affected 





Too green to produce mats® 7 


In condition to produce mats 





Producing mets 5 
Failed to produce mats 2 
Totel 14 





®Some, perheps most, of these might heve been expected to produce 
mats in the spring if it had not been necessary to fell them in 
November in the interest of the control progrem. 


Table 2. Mats formed on girdled trees of different species within the 
red oak group. 








z : Number trees : Number forming : Percentage 
Species : Year 3: examined : oak wilt mats _: forming mats 
Black oak 1955 16 1 
19% 35 1 
Total 51 2 4 
Red oak 1955 40 6 
1956 50 15 
Totel 90 21 23 
Scarlet oek 1955 25 8 
1956 17 4 
Totel 42 le 29 





Table 3. Average diameters of August-girdled oak wilt trees found 
completely dead, partielly green and entirely green when 
exemined in November. 





sNumber of trees: Averege diameter at 





Condition of trees 3 examined _:breast height (inches) 
Wood dead and dry 49 12 
Wood partially green 7 16 
Wood completely green 4 19 





gust-girdled trees. A comparatively high proportion of August-girdled trees had produced 
mats in 1955 (5), and in 1956 it was decided to give this segment of the population an especially 
careful examination, 

The trunks and major branches of 20 girdled trees were completely peeled for examina- 
tion after felling, The bark was removed from one-fourth or more of the surface o1 the 
trunks and large branches in examining the remaining trees, nearly all of which were felled 
for study. Areas were selected for peeling after the bark surface had been carefully in- 
spected for cracks and after "sounding" with the axe to detect, by a lack of the usual reso- 
nance, the presence of mat-containing cavities beneath intact bark. Several "slab’’ samples 
were taken from the trunks of each tree at various heights and these were sent to the labora- 
tory for examination and culturing. Data were taken on the size and species of tree, At the 
time each tree had been girdled an estimate was made of the percentage defoliation, The 
population sample included chiefly trees of the red oak group varying greatly in size in 19 of 
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Table 4. Average diameters of girdled oak wilt trees which did «nd did not 
produce mats efter girdling in June-July end in August, 19% 





: Mat-producing trees sNon-met—producing trees 











Season of girdling : Number : Averege : Number : Average 

: examined : diameter : examined : dismeter 

: : (inches) :; : (inches) 
June-July 5 12 38 13 
August 15 12 43 13 





Table 5. Mat formation and fungus viability in trees after girdling at different seasons 
with different degrees of defoliation 














F3 Dete of girdling 
Charecteristics : June 1-3 ;: July 1-15 : July 16-31 :August 1-15 :August 16-31 
of trees :Num- sAvere.ge:Num- :Averege:Num- :Average:Num- :Averege:Num- :Averege 
sber :percent:ber :percent:ber :percent:ber :percent:ber :percent 
: of :defoli-:of :defoli-: of :defoli-: of :defoli-: of :defoli- 
strees:ation :trees:ation :trees:ation :trees:ation :trees:ation 
Mats absent 6 57 12 52 20 72 19 85 24 78 
Mats present 2 8 2 70 1 x 5 93 10 93 
Fungus viable in wood 
of trees with: 
Mats absent 0 1 (8) 0 5 
Mats present 0 1 0 ‘ 1 








Table 6. Effect of season of girdling upon met formation in one dry yeer 
and in the succeeding year of abundant rainfall. 





: June-July g August 


Yeer and tree condition _ period period 





1955 (a dry year) 
Number of trees without mats 26 32 
Number of trees bearing mats 3 4 
Percentage of trees with mets 10.0 22.0 


195% (a wet year) 


Number of trees without mats 43 60 
Number of trees bearing mats 5 15 
Percentage of trees with nats 10.0 20.0 





the State's 39 counties in which oak wilt has been known to occur (Fig. 1). 

Rate of drying out and mat production by untreated oak wilt trees which had been left as 
checks during the summer are summarized in Table 1. These meager data tend to substan- 
tiate the belief that if oak wilt trees in the eastern States are left untreated, more than half 
of them (and under some conditions perhaps nearly all) can be expected to produce mats either 
in the late summer or in the fall after symptoms appear, or during the following spring. It 
seems likely that larger trees and those showing symptoms late in the summer are more likely 
to produce their mats the following spring than in the fall following the appearance of symp- 
toms (3). It has been shown elsewhere that felling diseased trees tends to induce mats to form 
in the fall while the control trees observed mostly produced mats the following spring and 
summer (1). The 14 untreated trees observed in 1956 included 3 black oaks, 9 red oaks, 1 
scarlet oak and 1 white oak. 
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In the publication of data obtained in 1955 (5), no separation was made to allow a com- 
parison of the frequency of mat production by different species within the red oak group, The 
accumulation of further data in 1956 made it desirable to make a comparison based on the 
combined data for the two years (Table 2). From these data it seems that black oak may be 
less likely than red or scarlet oak to produce oak wilt mats after girdling, 

All trees girdled in June and July died and dried out before they were examined in Novem- 
ber. Table 3 shows a comparison with respect to average diameters among August-girdled 
trees of those found dead and dry with others still partially green and a few still completely 
green when examined in November. These results, like those obtained in 1955, indicate that 
large trees tend to dry out more slowly after girdling than do small trees, 

Either small or large trees would be expected to produce mats more frequently if fast 
or slow rates of drying favored mat production in girdled oak wilt trees. That there seems 
to be no relationship between size of tree and mat production is shown in Table 4, These data 
confirm similar findings obtained in 1955 (5), 

The relationship of season of girdling and of degree of defoliation at the time of girdling 
to mat formation and viability of the fungus in samples taken from the wood are shown in Table 
5. It is clear that girdling diseased trees early in the summer and soon after symptoms ap- 
pear leads to a reduction in the percentage of trees that produce mats, If the 1956 data are 
regrouped for comparison with similar data obtained in 1955, as is done in Table 6, we find 
that the relationship of season of girdling to mat formation is nearly the same for the two 
years despite the fact that 1955 had been very dry and 1956 was very wet. In each year 10 per- 
cent of the trees girdled before August 1 formed mats while nearly twice as great a proportion 
of those girdled late produced them, It has been shown that mats form in untreated trees, even 
in years of severe drought (2), 


DISCUSSION 


It appears that under West Virginia conditions the effectiveness of the dry-girdle method 
of mat control is comparatively uniform although it is not as complete as is desired, particularly 
in the case of trees girdled during August. In West Virginia trees girdled in August usually 
were more completely defoliated at the time of girdling than those found and girdled earlier in 
the year, This may reflect a need for intensification of survey and control activities at the 
peak of the season in July or it may indicate simply that trees showing symptoms in late July 
and early August lose their leaves more rapidly than those which show symptoms in June or 
early in July. 

The fact that the fungus could be successfully isolated from only a few samples may in 
part be due to the suppression or overgrowth of the oak wilt fungus by competing secondary 
organisms. There is a suggesstion here, however, that deep girdling not only limits the pro- 
duction of mats, but shortens the life of the oak wilt fungus in treated trees. Thus, this process 
may shorten the time during which possible vector insects other than those associated with 
mats (4) can carry the fungus out of girdled trees, 

The simplicity and immediate applicability of the deep girdle method by the field scouts 
at the time they find the tree, its suitability for use in mountainous and inaccessible regions, 
and its comparative low cost, appear to make it the most satisfactory method available in 1957 
for the control of the overland spread of oak wilt in West Virginia. Cooperative research 
designed to increase its effectiveness is in progress. 
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THE ALLEGHENY CHINKAPIN 
AND TWO EXOTIC OAKS SUSCEPTIBLE TO OAK WILT! 








T. W. Bretz 


Castanea pumila, the Allegheny chinkapin and two exotic oak species, Quercus brutia 
and Q. lusitanica (Portuguese oak), have proved to be susceptible when inoculated with the 
oak wilt fungus (Endoconidiophora fagacearum)2 under,nursery conditions, Inoculations were 
made by introducing spore suspensions of the fungus into knife wounds that severed the outer 
vessels of the main stem of the trees. Typical oak wilt foliar symptoms became evident four 
to six weeks after inoculation, Infection was confirmed by reisolation of the fungus. The 
chinkapin stock was obtained from an eastern commercial nursery. The oaks were grown 
from seed, The Q. brutia acorns were obtained from the Orto Botanico, Dell 'Universita, 
Naples, Italy and the Q. lusitanica acorns from the Royal Botanic Gardens, Kew, Surrey, 
England, through the cooperation of the Plant Introduction Section, Horticultural Crops Re- 
search Branch, Agricultural Research Service, United States Department of Agriculture, 











MISSOURI AGRICULTURAL EXPERIMENT STATION IN COOPERATION WITH THE CENTRAL 
STATES FOREST EXPERIMENT STATION, UNITED STATES FOREST SERVICE, UNITED 
STATES DEPARTMENT OF AGRICULTU RE 





1 Contribution from the Missouri Agricultural Experiment Station, Journal Series 1728. Ap- 
proved by Director. 
2 { Ceratocystis fagacearum (Bretz) Hunt, Taxonomy of the genus Ceratocystis, Lloydia19:1 -58. 





1956 -- Ed. Note. ] 
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DISEASES NOT PREVIOUSLY REPORTED IN OHIO! 





C. We Eliett 


The diseases caused by the pathogens listed below are not reported from Ohio in the 
Index of Plant Diseases in the United States compiled by Weiss and O'Brien and issued by the 
Plant Disease Survey of the United States Department of Agriculture, nor are they reported 
from Ohio in other available literature. The records in this report are based upon collections 


and identifications of the author, except as noted. 











AJUGA sp. 
Sclerotium rolfsii Sacc.: Collected by Patricia Allison 





AGERATUM sp. 
Puccinia conoclinii Seym. 





ALLIUM CANADENSE L. 
Uromyces bicolor Ell. 





A. CEPA L. 
Puccinia asparagi DC.: Collected by Harold Kazmaier 





ANDROPOGON GERARDI Vitm. 
Sphacelotheca seymouriana Clint,: Collected by H. R. DeSelm 





A. SCOPARIUS Michx. 
Sphacelotheca occidentalis (Seym.) Clint.: Collected by H. R. DeSelm 
Sorosporium ellisii Wint, 








ANEMONE QUINQUEFOLIA L. 
Urocystis anemones Wint, 





ANTIRRHINUM MAJUS L. 
Oidium sp. 
Sclerotinia sclerotiorum (Lib. ) DBy. 





AVENA SATIVA L. 
Claviceps purpurea (Fr.) Tul. 
Septoria avenae Frank 








BRASSICA NIGRA (L. ) Koch 
Peronospora parasitica Pers. ex Fr. 





CALENDULA OFFICINALIS L. 
Puccinia flaveriae Jacks.: Collected and identified by A. L. Pierstorff 





CALLISTEPHUS CHINENSIS (L. ) Nees 
Botrytis cinerea Pers, -- Stem rot 





COTINUS COGGYGRIA Scop. 
Verticillium albo-atrum Reinke & Berth.: Collected by Lloyd Kennedy 





DACTYLIS GLOMERATA L. 
Rhynchosporium orthosporum Caldwell 
Ustilago striiformis (West. ) Niessl 








DIANTHUS ARMERIA L. 
Septoria dianthi Desm. 











1 Publication 604, Department of Botany and Plant Pathology, The Ohio State University. 
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D. CARYOPHYLLUS L. 
Fusarium poae (Pk.) Wr. -- Bud rot 





ELYMUS RIPARIUS Wieg. 
Urocystis agropyri (Preuss) Schroet, 





ERIGERON ANNUUS (L.) Pers. 
Sclerotinia sclerotiorum (Lib. ) DBy. 
Plasmopara halstedii (Farl.) Berl. & DeT. 








GLYCERIA STRIATA (Lam. ) Hitchc. 
Epichloe typhina (Fr.) Tul. 





GNAPHALIUM OBTUSIFOLIUM L. 
Puccinia investita Schw.: Collected by B. H. Davis & A. L. Pierstorff 





HYDRANGEA MACROPHYLLA Ser. 
Rhizoctonia solani Kuehn 





LAGENARIA SICERARIA Standl, 
Colletotrichum lagenarium (Pass.) Ell. & Halst.: Collected by G. w, 
Blaydes 





LINUM USITATISSIMUM L. 
Septoria linicola (Speg. ) Garassini 





LONICERA TATARICA L, 
Herpobasidium deformans Gould: Collected and identified by 
B. H. Davis 





LYSIMACHIA QUADRIFOLIA Sims 
Coleosporium campanulae (Pers, ) Lév. 





ONOCLEA SENSIBILIS L. 
Uredinopsis mirabilis (Pk. ) Magn, 





PACHYSANDRA TERMINALIS Sieb. & Zucc, 
Volutella pachysandricola Dodge 





PANICUM CLANDESTINUM L. 
Balansia strangulans (Mont, ) Diehl 





PENSTEMON DIGITALIS Nutt. 
Septoria pentstemonis Ell. & Ev. 





PENSTEMON sp. 
Sclerotium rolfsii Sacc, 





PETUNIA HYBRIDA Vilm. 
Sclerotinia sclerotiorum (Lib. ) DBy. 





PLANTAGO RUGELJ Decne. 
Rhizoctonia solani Kuehn 





PODOPHYLLUM PELTATUM L. 
Septogloeum podophyllinum (Ell. & Ev.) Sacc,: Collected by W. J. Young 





PYRUS MALUS L. 
Botryosphaeria ribis Gross, & Duggar: Collected by B. F. Janson, 





W. G. Stover and C. W. Ellett (1953) 
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RHODODENDRON INDICUM (L. ) Sweet 
Septoria azaleae Vog. 





RUMEX ALTISSIMUS Wood 
Septoria rumicis Trail 
Ustilago parlatorei Fisch, v. Waldh.: Collected by Paul Walker 
and Ellett 








SAINTPAULIA IONANTHA Wendl. 
Oidium sp. 


SANSEVIERIA TRIFASCIATA Prain 
Gloeosporium sp, (Probably Glomerella cingulata) 








SECALE CEREALE L. 
Rhynchosporium secalis (Oud,) J, J. Davis 





TULIPA sp. 
Penicillium cyclopium West, 





VIBURNUM OPULUS L. 
Pseudomonas viburni (Thornberry & Anderson) Stapp: Collected by 
J. T. Walker 





ZEA MAYS L. 
Macrophomina phaseoli (Maub. ) Ashby: Collected by C. C, Allison 
and Ellett 





ZINNIA ELEGANS Jacq. 
Alternaria zinniae Pape 





DEPARTMENT OF BOTANY AND PLANT PATHOLOGY, THE OHIO STATE UNIVERSITY, 
COLUMBUS 10, OHIO 
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ATTENTION PLEASE! 





Dr. S, F. Blake now considers that his earlier identification of the Striga found last 
year in the Carolinas as S, asiatica (L.) O. Kuntze is correct, (See March Reporter, article 
by Quintin L, Holdeman, page 133. ) 


IN THIS ISSUE (Continued) 


W. E. SACKSTON, W. C. McDONALD, and JOHN MARTENS describe leaf mottle of 
sunflowers in Manitoba, caused by Verticillium, page 337. 

CHARLES J. GOULD reports results of a turf disease survey in western Washington, 
page 344, 

E,. B. LAMBERT and T. T. AYERS report thermal death times for pests of the culti- 
vated mushroom, page 348. 

E. HACSKAYLO and JOHN G. PALMER report studies on the effects of chemical soil 
treatments on mycorrhizal fungi and on growth of pine seedlings, page 354, 

WRAY BIRCHFIELD and G, F. WEBER describe an unusual mode of infection by the 
chestnut blight fungus, page 359, 

W. H. GILLESPIE, A. L. SHIGO, and R. P. TRUE report studies on girdling of oak 
trees as a means of controlling mat production by the wilt fungus, page 362. 

T. W. BRETZ reports three new hosts for the oak wilt fungus, page 368. 

C. W. ELLETT lists diseases not previously recorded in Ohio, page 369. 

Attention Please! name of the Striga found in the Carolinas, page 372. 

February Weather, page 373, 
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The terms used in the accompanying mape, which define the ranges of temperature and 
precipitation, are numerical class limits. These are based on a statistical analysis of past 
records through which is determined the normal frequency of occurrence of temperatures and 
precipitation at various times of the year for different locations. For temperature the classes 
above, below, and near normal are so defined that they each normally occur one-fourth of the 
time; much above and much below normal, one-eighth of the time Precipitation is depicted 
in terms of light, moderate, and heavy, each class normally occurring one-third of the time 
and thereby having equal probability of occurrence. These maps graphically represent only 
the genera) trends and give the country's weather picture at a glance. For quantitative studies, 
where monthly mean temperatures and actual precipitation records are needed for a given time 
and place, other publications of the Weather Bureau should be consulted. P. R. M. 
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